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PREFACE  TO  THE  FIRST  EDITION. 


(Anatomy  only.) 


In  a  Learner's  point  of  view  Scientifio  facta  may,  the  Author  thinks,  be  divided  into  those  which 
are  daily  met  with  by  the  Student,  and  which  soon  become  familiar  to  him,  and  those  which  are 
learned  with  considerable  pains  and  afterwards  easily  forgotten,  and  which  require  to  be  constantly 
recalled  to  the  mind.  \ 

The  Author  has  endeavoured  to  deal  with  the  latter  class  of  facts  only.  What  every  one  knows, 
wno  has  at  all  studied  Medicine,  he  has  purposely  left  out.  Greater  condensation  is  thus  obtained.  - 
To  the  non-medical  reader  the  Tablets  may  appear  disconnected,  and  the  descriptions  they  contain 
(if  descriptions  they  maybe  called)  may  seem  dry  and  naked.  The  Author  believes  that  the  Student 
will  easily  supply  the  links,  and  give  life  and  shape  to  the  skeleton  sketches. 


This  book  is  intended  neither  for  the  idle,  nor  for  absolute  beginners.  The  idle  will  find  that  it 
contains  more  details  than  they  will  care  to  master,  and  that  its  brevity  demands  more  mental  appli- 
cation than  would  be  agreeable  to  any  one,  whose  mind  has  not  been  trained  to  close  study. 

^  Beginners,  however,  who  mean  to  work,  may,  after  attending  a  lecture,  or  reading  up  in  one  of 
the  Standard  Authors  a  region  they  have  just  been  dissecting,  advantageously  revise  the  subject  in 
the  Tablets;  and  these  partial  revisions  will  be  found  to  fix  the  main  points  in  the  mind,  and  to 
facilitate  the  more  important  revisional  effort,  which,  even  the  first  year's  student  is  usually  called 
upon  to  make,  whenever  his  lecturer  has  finished  describing  a  part,  or  ho  himself  has  finished  dis« 
secting  one. 

The  more  or  less  advanced  Students,  who  are  doing,  or  have  done,  their  work  honestly  and  con- 
scientiously, are  the  ones  the  Author  has  had  mainly  in  view. 


16,  WoBUKN  Place,  Kijssell  Square, 
September,  1875, 


PREFACE  TO  THE  SECOND  EDITION  (1878). 


(Anatomy  and  Physiology.) 

In  the  present  Edition,  only  those  pages  have  been  recast,  which  were  considerably  out  of  date;  the 
others,  when  requiring  alteration,  have  simply  been  supplemented  by  an  Appendix^  which  has  been 
incorporated  with  the  work,  as  far,  at  least,  as  could  well  be  done  without  involving  considerable 
book-binder's  labour.  The  pages  of  this  Appendix  have  been  marked  8a,  8b,  12a,  12b^  12c,  etc.,  in  corre- 
apondence  with  the  pages  they  are  intended  to  supplement  or  correct ;  and  its  headings  have  been 
uHderlined  red^  to  call  attention  to  the  new  matter. 

A  fresh  Appendix  containing  new  discoveries  of  importance  will  be  published  every  two  or  three  years.  'And 
everysucceeding  Appendix  will  be  issued  both  separately and  incorporated  with  the  work. 

The  present  Appendix  to  the  Anatomy  refers  to  the  Viscera,  &  to  the  Organs  of  the  Senses.  It 
has  been  inserted  after  pages  290,  &  360.  Dr.  Gowers'  new  description  of  the  Gray  Matter  of  the  Cerebellum, 
and  the  views  of  Lockhart  Clarke,  Stilling,  and  others  on  the  cranial  nerves,  etc.,  will  also  be  found  on 
pages  213,  230,  &  250,  of  the  text.  Descriptions  of  the  Thymus  &  Thyroid  Bodies  and  Suprarenal  Cap- 
sules  have  been  added ;  also  a  careful  description  of  the  Teeth. 

In  the  Physiology,  new  matter  is  more  abundant :  The  Appendix  numbers  forty  pages.  Twelve 
supplement  Circulation ;  four.  Respiration ;  eight.  Digestion ;  four,  the  General  Development  of  the 
Embi'yoj  eight,  the  Development  of  the  Organs ;  and  four  are  included  under  the  heading  "Addenda." 
-  The  two  aspects  of  Physiology,  the  old  &  the  new,  are  thus,  to  a  certain  extent,  placed  side  by  side. 
The  latter  parts  of  the  work,— Nervous  System,  the  Senses,  and  the  greater  part  of  Embryology, — ^having 
been  re-written  very  recently,  are  not,  for  the  present,  supplemented. 

The  Embryology  will  be  found  fairly  complete  &  up  to  date.  Both  the  older  &  the  more  modern  view-? 
have  been  presented  with  respect  to  the  Pharynx,  CEsophagus,  &  Respiratory  Tract,  and  with  respect  to 
the  questions  arising  out  of  the  disputed  homologies  of  the  Genital  Ducts.  A  few  divisions  have  been 
introduced  into  the  study  of  some  of  the  subjects. 

The  History  of  the  development  of  the  Bones  &  Teeth  concludes  the  volume;  -  the  former  subject 
beir.g  divided  into  two  parts,  Skeletal  Matrix,  and  Ossification  of  the  Individual  Bones. 

The  diagrams  representing  the  development  of  the  veins  are  after  those  of  Dr.  Dalton  of  New  York, 
who  has  treated  the  subject  most  skilfully  &  completely.*  They  have  been  engTavedby  Mr.  W.  Gibbs  of 
Fleet  Street. 

Histology  &  chemical  physiology  will  be  treated  in  a  separate  volume. 

ANATOMY  «&  PHYSIOLOGY  COMPLETE  -  By  this  phrase  it  is  simply  meant  that  all  the  subjects 
have  been  treated,  which  appeared  susceptible  of  being  treated  advantageously  in  the  Tabular  form  :-  "  Ina 
Learner"  s  point  of  view,  Scientific  facts  may  be  divided  into  those  which  are  daily  met  with  by  the  Student,  and  which 
soon  become  familiar  to  him,  atid  those  which  are  learned  xvith  considerable  pains  afterwards  easily  forgotten, 
and  which  require  to  be  constantly  recalled  to  the  i7iind.  The  Author  has  endeavoured  to  deal  with  the  LAiTEft 
Class  of  Facts  Onlt."  (V.  Preface  to  the  First  Edition). 

*  J.  C.  Dalton  -  Treatise  of  Human  Physiology,  Philadelphia,  1871,  &  76. 
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ADVICE  TO  STUDENTS 


The  principal  rules  of  the  art  of  learning  are  to  classify,  to  condense,  and  to  proportion,  according  to 
their  relative  importance,  the  attention  to  be  given  to  the  facts  that  are  to  be  retained. 

Classify. — Group  things  that  are  alike;  thus,  in  learning  one,  several  will  be  acquired. 

Condense, — The  more  concise  the  wording  is,  the  more  facts  can  be  gone  over  in  a  given  time, 
and  the  better  they  can  be  remembered.,  A  firm  grasp  of  the  facta  is  what  is  wanted  first; 
erudition  may  be  courted  afterwards. 

Proportion  according  to  their  relative  importance  the  attention  to  he  given  to  the  facts  that  are  to  be 
retained.  The  headings  &  subheads  should  be  mastered  first ;  then,  in  succession,  the  divisions,  the 
sub-divisions,  the  principal  points,  the  minor  points,  the  noteworthy  details,  the  minutiae. 

The  Tablets  are  intended  to  assist  the  Student  in  carrying  out  these  rules : 

The  groitping  and  the  condensing  are  done  for  him  to  a  considerable  extent. 

The  arrangement  adopted  will  further  induce  him,  it  is  hoped,  to  proportion  his  attention 
rightly :  -  The  Tablets,  especially  those  on  Anatomy,  show  at  a  glance  the  general  outline  of  tha 
subject  they  treat  of;  this^  outline  should  be  studied  first,  and  thoroughly  understood  and 
mastered  before  the  Student  goes  any  further.  This  is  of  primary  importance  for  the  successful  use  of 
the  Tablets^  which,  the  Author  would  remind  the  Student,  are  intended  simply  to  assist  him  in  read- 
ing the  standard  Authors  with  greater  profit  and  ease ,  not  to  take  the  place  of  any  other  work* 


To 

WILLIAM  SCOVELL  SAVORY,  Esq.,  F.R.S., 

SURGEON  TO,  AND  LECTURER  ON  SURGERY  AT,  ST.  BARTHOLOMEW'S  HOSPITAL  J 
LATE  PROFESSOR  OF  COMPARATIVE  ANATOMY  AND  PHYSIOLOGY 
AT  THE  ROYAL  COLLEGE  OF  SURGEONS ;  MEMBER  OF 
THE  COURT  OF  EXAMINERS  OF  THE 
SAID  COLLEGE. 


As  an  expression  of  my  respect  for  your  efforts  in  promoting  the 
study  of  Physiology  among  Students,  and  as  a  token  of  my  gratitude  for  past 
kindness,  I  beg  to  dedicate  to  you  these  unpretending  little  Tablets  on  Physiology. 

I  anij 
Sir, 

Yours  very  truly , 

THOMAS  COOKE. 


Woburn  Place,  April,  1873. 


CIRCULATION. 


PHYSICAL  PROPERTIES  of  the  BLOOD. 


The  blood  is  a  thick  &  heavy  fluid  of  a  bright  scarlet  colour,  when  flowing  from  an 
artery,  and  of  a  deep  purple,  or  nearly  black  colour,  when  flowing  from  a  vein. 

Its  average  temperature  is  about  100"  or  lOB",  but  is  not  the  same  all  over  the  body, 
for  the  blood  is  cooled  when  passing  through  the  capillaries  of  the  skin  and  ls 
slightly  warmed  when  passing  through  large  &  active  glands  such  as  the  liver. 

Its  specific  gravity  varies  from  1050  to  1059,  the  average  being  1055,  the  gravity  of 
water  being  reckoned  at  1000. 

The  blood  is  slightly  alkaline  in  all  animals  and  under  all  circumstances.  The 
supposed  exception  in  the  case  of  menstrual  blood  is  due  to  the  admixture  of  acid 
mucus  from  the  uterus  and  vagina. 

The  blood  emits  an  odour  similar  to,  but  fainter  than,  that  emitted  by  the  animal 
itself.  This  odour  is  principally  due  to  a  volatile  fatty  acid,  and  it  may  be  set  free, 
even  when  the  blood  is  dried  up,  by  adding  to  it  small  quantities  of  a  mixture  of 
equal  parts  of  sulphuric  acid  &  water. 


Quantity  of  Blood  in  the  Body. 

The  whole  of  the  blood  weighs  normally  in  man  about  1-Sth  or  l.lOth  of  the  weight 
of  the  body.  The  quantity  of  the  blood  varies,  however,  considerably  according  to 
the  amount  of  food  &  drink  recently  taken,  and  to  the  quantity  of  water  given 
off;  it  may  be  reduced  to  nearly  half  by  long  fasting. 

The  quantity  of  blood  in  the  body  cannot  be  ascertained  with  any  degree  of 
precision  by  simply  bleeditig  an  animal  to  death  and  measuring  the  blood  that 
escapes,  for  on  the  one  hand  a  large  amount  of  blood  would  then  remain  in  the 
vessels,  and,  on  the  othor  hand,  if  death  ensue  but  slowly,  large  quantities  of  fluid 
would  be  absorbed  from  the  tissues  to  refill  the  emptying  vessels,  and  would  add 
considerably  to  the  apparent  amount  of  the  blood  that  would  be  drawn. 

Leaving  aside  the  lengthy  calculations  of  Vierordt,  based  upon  uncertain  estimates 
of  the  amount  of  blood  expelled  from  the  left  ventricle  at  each  beat  of  the  heart, 
&  of  the  number  of  beats  necessary  to  complete  the  round  of  the  circulation, 
there  remain  two  principal  methods  of  ascertaining  the  quantity  of  the  blood  in  the 
body :— 

1.  Weclker  bleeds  an  animal  rapidly  to  death,  and  measures  the  blood  which 
escapes.  He  then  washes  out  the  vessels  by  abundant  injections  of  water,  and 
calculates  the  additional  quantity  of  blood  which  then  flows  out,  mixed  with 
water,  by  comparing  the  colour  of  the  mixture  with  that  of  other  mixtures  made 
in  known  proportions ; 

2.  Valentin  injects  a  known  quantity  of  water;  Blake,  a  certain  quantity  of 
some  saline  substance,  such  as  sulphate  of  aluminium,  which  is  not  found  in 
the  blood,  and  which  is  of  easy  detection.  The  calc^ilation  is  then  founded  upon 
the  diminution  of  the  specific  gravity  of  the  blood,  or  upon  the  proportion  of  ihe 
saline  substance  diffused  in  a  measured  quantity  of  the  fluid.  This  latter  method 
may,  however,  be  objected  to,  on  the  ground  of  the  probably  unequal  dilution 
of  the  blood,  or  of  the  probably  unequal  difl'usion  of  the  saline  substance  through 
its  mass,  unless  a  considerable  time  he  allowed  to  elapse  between  the  injection 
and  the  collecting  of  the  samples  of  blood,  upon  the  modified  condition  of  which 
blood  the  calculation  is  to  be  based;  but  then  the  result  would  likewise  be 
vitiated  even  to  a  greater  extent,  by  the  passage  into  the  tissues,  of  an  unascer- 
tainable  amount  of  the  water  or  of  the  salt  used  in  the  experiment. 

For  the  most  accurate  estimate  we  have  of  the  total  quantity  of  the  blood  in  the 
human  body  we  are  indebted  to  Weber  &  Lehmann.  They  had  the  opportunity 
of  weighing,  before  Hr  after  decapitation,  two  criminals  who  had  been  condemned 
to  death.  The  diflference  in  the  weight  represented  the  weight  of  the  blood  that 
had  escaped.  The  quantity  of  blood  remaining  in  the  head&  trunk  was  calcu. 
lated  by  Welker's  method. 


STEUCTURAL  CHARACTERS  of  the  BLOOD. 


Strncturally  the  blood  consiete  of  a  colonrlass  fluid,  liquor  sangv/hm,  or  plasma,  o) 
blood  and  lymph  corpuscles,  of  more  or  less  numerouB  albuminous  granules  &  fatty 
particles,  eimilar  to  those  found  in  the  lymplj  and  chyle ;  also,  during  the  height  of 
digestion,  of  a  few  exceedingly  minute  oil  globules,  like  those  which  constitute  the 
naolecular  base  of  the  chyle. 

Red  Blood  Corpuscles  or  Blood  Cells. 

Hunaan  red  blood  corpuscles  as  they  circulate  in  the  vessels  are  minute  flattened  or 
slightly  biconcave  discs;  but  they  swell  out  through  endosmosis,  &  become  convex  when 
ike  blood  is  diluted  with  water,  and  shrink  &  assume  various  irregular  forms, 
when  salt,  syrup,  or  any  other  substance  is  added  which  increases  the  density  of  the 
blood.  They  are  elastic,  and  admit  of  compression  &  elongation,  in  adaptation  to  the 
small  diameter  of  the  lesser  capillaries.  Their  diameter  varies  from  l-SOOOth  to 
lAOOOth  of  an  inch. 

They  are  now  believed  to  be  homogeneous  in  structure,  the  only  difference  between 
their  several  parts  being,  that  their  external  layers  are  dense  &  firm,  while 
their  internal  substance  more  or  less  approaches  the  fluid  state.  They  have 
no  nuclei;  while  they  remain  concave,  however,  the  appearance  of  a  central  spot, 
due  to  unequal  refraction,  is  perceived  in  their  thinner  central  portion,  and  is 
either  brighter  or  darker  than  the  border,  according  as  it  is  viewed  in  or  out  of 
focus. 

A  peculiar  property  manifested  by  the  red  blood  corpuscles,  is  their  tendency,  when  Vk 
blood  is  at  rest,  to  adhere  in  the  shape  of  rolls,  columns,  or  rouleaux,  like  piles  of  coins, 
which  latter  soon  join  together  &  form  a  kind  of  network.  This  tendency  to  adhere 
is  increased  in  inflamme-tory  diseases  ;  it  partly  explains  the  formation  of  the  buffy 
goat,  for  the  more  the  blood  corpuscles  are  clustered  together,  the  more  rapidly 
they  sink  to  the  bottom. 

Chemically  the  red  globules  consist  of  a  delicate  colourless  stroma  very  abun- 
dantly  infiltrated  with  a  red  colouring  matter.  The  stroma  consists  of  a 
nitrogenous  proximate  principle,  protagon,  combined  with  a  modification  of 
globulin  termed  paraglobulin  or  fibrinoplastin  (Hoppe-Seyler,  0.  Shmldt).  The 
colouring  matter  is  a  nitrogenous  crystalisable  substance,  hcemoglobin  (Hoppe- 
Seyler)  or  cruorin  (Stokes),  capable  of  absorbing  oxygen  in  the  lungs  and  of 
readily  giving  it  up  in  the  capillaries.  The  red  globules  also  contain  fatty 
matters,  among  which  cholesterin,  and  salts,  chiefly  phosphates  of  potash,  soda, 
&  lime  (Vide  Tablets  on  Animal  Chemistry). 

White  Corpuscles 

Are  spheroidal  nucleated  cells,  about  1.2500<ft.  of  an  inch  in  diameter,  and  of  a  greyish 
pearly  colour.  They  present  a  finely  granulated  surface,  granular  contents,  and  a 
simple  or  compound  nucleus,  which  is  clearly  brought  into  view  by  the  action  of 
dilute  acetic  acid,  the  remainder  of  the  cell  then  becoming  transparent.  It  is 
doubtful  whether  they  are  surrounded  by  any  true  cell-wall. 

They  are  very  similar  in  appearance  to  the  corpuscles  of  the  lymph  or  chyle ;  but 
they  differ  from  them  chemically,  for  the  latter  are  but  very  slightly  acted  upon 
b^^cetic  acid. 

A  most  remarkable  property  which  the  white  corpuscles  have  recently  been  shown 
to  possess  in  common  with  the  amoeba  (Von  Recklinghausen,  Waller,  Cohnheim), 
is  their  capability  of  assuming,  spontaneously,  different  forms,  and  of  enclosing  milk- 
globules,  or  particles  of  colouring  matter  or  of  carbon  ;  of  sending  out  processes  in 
different  directions  and  subsequently  withdravnng  them  ;  of  adhering  to  the  walls  of 
the  blood-vessels,  pushing  processes  through  them,  and  then  following  these  processes 
into  the  swrrounding  tissues,  in  which  they  accumulate  in  great  numbers,  in  any 
part  of  the  body  that  has  been  irritated. 

The  average  proportion  of  the  white  corpuscles  to  the  red  ones  is  about  1  in  400  or  600 ; 
but  the  relative  number  of  the  white  corpuscles  is  very  variable,  being  much 
increased  after  a  meal  and  greatly  diminished  by  fasting. 


COAGULATION  of  the  BLOOD. 


When  drawn  from  the  body,  and  left  at  rest,  the  blood  coagulates  in  about  10  minutes. 
The  clot  gradually  contracts  and  becomes  firmer,  while  a  transparent  yellowish  fluid, 
the  serum,  ooze^from  its  surface,  and  is  soon  abundant  enough  for  the  clot  to  float 
therein. 

When  examined  with  the  microscope  the  clot  is  seen  to  consist  of  solidified  fibrin,  in 
the  shape  of  minute  fibrillse,  between  the  meshes  of  which  the  red  globules  are  joined 
together  in  piles,  columns,  or  "  rouleaux ;"  the  white  globules  are  scattered  here  and 
there. 

The  explanation  given  of  the  change,  until  lately,  was  this :  the  liquor  sanguinis  consists 
of  serum  holding  fibrin  in  solution  ;  the  fibrin  has  a  peculiar  tendency  to  coagulate  when 
at  rest,  &  to  contract ;  while  coagulating,  it  entangles  in  its  meshes  the  blood  ds  lymph 
corpuscles  and  the  serum ;  by  its  subsequent  contraction  the  serum  is  pressed  out  of  the 
clot. 

Theforegoing  explanation  of  the  coagulation  of  the  blood  is,  however,  no  longer  received  in 
its  integrity ;  indeed,  the  very  existence  of  fluid  fibrin  in  the  blood  is  now  disbelieved  in, 
if  not  disproved.  Schmidt  &  Dr.  Buchanan,  of  Glasgow,  have  shown  that  the  addition 
of  blood  serum,  or  of  red  blood  corpuscles  to,  or  the  contact  of  muscular  or  nervous 
tissue  or  of  skin  with,  any  serous  efinsion,  or  the  admixture  of  serous  effusions 
from  dtflerent  parts  of  the  body,  gives  rise  speedily  to  the  formation  of  a  clot.  Thus 
fluids  which  have  themselves  little  or  no  tendency  to  coagulate,  can  be  made  to 
produce  a  clot  apparently  Identical  with  the  blood-clot,  by  the  simple  addition  of 
fluids  which  will  not  themselves  coagulate,  or  of  solids  which  are  not  known  to 
contain  fibrin.  Schmidt  supposes  that  fhe  formation  of  the  fibrin  of  the  clot  is  due  to 
the  union  during  coagulation,  of  two  substances  chemically  very  similar,  which  he 
calls  respectively  the  fibrinoplastic  &  fibrinogenous,  the  former  of  which  may  be 
obtained  from  almost  all  the  tissues  &  fluids  of  the  body,  and  is  believed  to  be 
identical  with  the  paraglobulin  of  the  red  corpuscles.  The  real  cause  of  the  coagu. 
lation  of  the  blood  is  still,  however,  a  mystery. 

In  inflammatory  diseases  &  in  low  constitutional  states,  a  layer  of  white  clot,  the  "  buffy 
coat,"  forms  on  the  top  of  the  red  clot  and  soon  becomes  concave  or  cupped  on  its 
surface.  The  inflammatory  clot  also  shrinks  more  than  usual  and  becomes  very 
firm  and  tough,  which  is  due  to  its  containing  a  large  amount  of  fibrin ;  in  the  case 
of  cachectic  &  anaemic  persons  the  clot  is  large,  loose,  &  soft. 

The  white  clot  is  due  to  the  partial  sinking  of  the  red  blood  corpuscles  before  coagulation 
takes  place,  and  to  the  inclusion  in  the  upper  part  of  the  clot  of  the  white  or  lymph 
corpuscles  only,  which  are  much  lighter  than  the  red  ones  and  incline  to  float. 
This  sinking  of  the  red  corpuscles  occurs  in  inflammatory  diseases  and  in  low 
constitutional  states,  because  the  corpuscles  then  manifest  an  increased  tendency 
to  coalesce  in  columns  or  "rouleaux,"  in  which  condition  their  rate  of  sinking 
becomes  greater  ;  in  inflammatory  diseases  the  blood  also  coagulates  less  rapidly, 
BO  that  the  corpuscles  are  allowed  more  time  to  subside  before  they  are  arrested  by 
the  formation  of  the  clot.  The  absence  of  the  red  corpuscles  from  the  upper  layers  of 
the  clot,  explains  both  their  pale  yellowish  or  greenish  hue,  and  also  their  greater 
contraction  &  the  concave  or  cupped  shape  of  the  surface  of  the  clot.  The  greater  or  less 
amount  of  flbrin  contained  in  the  blood,  or  formed  at  the  time  of  coagulation, 
explains  the  greater  or  less  contraction  of  the  mass  of  the  clot  and  its  variable 
consistency. 

Coagulation  is  hastened  by  rest,  moderate  warmth,  the  contact  of  foreign  bodies  or 
rough  surfaces,  slight  dilution  with  water,  and  by  exposure  to  the  air,  as,  for 
instance,  when  the  blood  escapes  slowly  from  a  small  artery  or  vein  and  is  collected 
in  a  shallow  vessel.  It  is  retarded  by  slight  agitation,  cold,  contact  with  smooth 
surfaces,  the  addition  of  ammonia,  of  alkaline  or  earthy  salts,  or  of  the  narcotic  & 
sedative  alkaloids,  the  exclusion  of  air,  as,  for  instance,  when  the  blood  escapes 
rapidly  from  a  large  artery  or  vein  and  is  collected  in  deep  or  closed  vessels,  or 
when  oil  is  poured  on  its  surface ;  it  is  retarded  also  in  all  inflammatory  states  of 
the  system. 

The  serim,  or  that  part  of  the  blood  which  remains  fluid  after  the  formation  of  the 
clot,  is  viscid,  yellow,  db  alkaline,  and  contains  all  the  constituents  of  the  blood,  except 
the  globules  and  the  fibrin.  Its  abundance  depends  on  the  degree  of  contraction  of  the 
clot.  Being  very  rich  in  albumen  it  coagulates,  when  heated,  to  such  an  extent  that 
it  is  transformed  almost  entirely  into  a  white  jelly-like  mass.  The  small  portion  of 
the  serum  which  then  remains  uncoagulated  is  termed  "  serosity." 


CHEMICAL  COMPOSITION  of  the  BLOOD. 


The  principal  constituents  of  the  blood  are  water,  albumen,  fibrin,  red  globules,  fatty 
and  extractive  matters,  salts,  &  gases.  The  relative  proportion  of  some  of  these 
constituents  may  vary  considerably,  but  the  average  composition  of  the  blood  as  a 
whole  is  pretty  constant. 

Water. — From  700  to  800  parts  in  1000.— Its  deficiency  is  indicated  by  a  sensation 
of  thirst,  which  becomes  more  &  more  urgent  as  the  deficiency  increases.  When 
it  is  in  excess,  it  is  rapidly  excreted  in  the  shape  of  sweat  &  urine.  Thus,  uniformity 
is  maintained  in  the  density  of  the  blood,  and  in  the  fulness  or  tension  of  the 
vessels,  and,  consequently,  in  the  rate  of  exudation  from  the  vessels  into  the 
tissues,  &  in  the  rate  of  absorption  from  the  tissues  into  the  blood. 

Albumen  . — From  60  to  70  parts  in  1000. — ^Is  probably  in  a  state  of  combina. 
Hon  with  soda,  or  with  the  tribasic  phosphate  of  soda,  which  assist  in  keeping 
it  dissolved. 

Fibrin. — From  2  to  3  parts  in  1000.— The  proportion  cannot,  however,  be  very 
accurately  ascertained,  as  in  analyses  fibrin  cannot  be  separated  from  the  white 
globules.  Is  much  increased  in  inflammatory  diseases,  but,  as  in  such  cases,  the 
white  globules  are  much  increased  also,  it  is  probable  that  the  apparent  increase 
of  the  fibrin  is  partly  due  to  its  being  weighed  along  with  the  white  globules. 

HCOl  GrlobuleS,  containing  Protagon,  Paraglobulin  or  Fibrino.plastin,  Hcemo. 
globin  or  Cruorin,  and  also  fatty  matters  &  Salts. — 130  paris  (dried)  in  1000. — The 
quantity  of  red  globules  is  increased  in  plethora  and  much  diminished  in  anemia  <& 
chlorosis,  in  which  latter  state  the  globules  have  been  found  reduced  to  the  pro- 
portion of  60,  50,  or  even  27  parts  in  a  1000  (Andral  &  Gavarret). 

Patty  Matters.— Average  x)'''oportion,  li  parts  in  1000— Consist  of  cholesterin, 
cerebrin,  serolin,  the  phosphorised  fat  of  the  brain,  margaric,  and  oleic  acids,  and 
of  a  volatile  fatty  acid,  to  which  the  odour  of  the  blood  is  mainly  due.  They  are 
subject  to  great  variations  in  quantity,  their  proportion  being  much  increased 
after  meals,  when  the  fatty  particles  of  the  chyle  are  added  to  the  blood. 

Extractive  Matters.— ^toiti  e  parts  in  lOOO.— The  most  important  are 
kreatin,  kreatinin,  sugar,  lactic  acid,  casein,  urea,  uric  acid,  ammonia,  and 
colouring  &  odoriferous  matters. 


Salts.— 6  parts  in  1000.— The  salt  found  in  the  blood  in  by  far  the  largest  proper, 
tion  is  the  chloride  of  sodium.  Among  the  salts  of  special  interest  are  the 
carbonate  and  phosphate  and  the  tribasic  phosphate  of  soda,  which  give  rise  to  the 
alkalinity  of  the  blood,  and  preserve  the  fluidity  of  its  albumen.  These  salts  have  the 
property  of  absorbing  large  quantities  of  carbonic  acid  gas,  and  of  readily  giving  it  off 
when  agitated  in  atmospheric  air,  and  it  is  believed  by  Liebig  that  the  carbonic 
acid  gas  of  the  blood  is  principally  combined  with  them. 

Gases, — lOO  volumes  of  blood  contain,  collectively,  from  40  to  50  volumes  of  oxygen, 
carbonic  acid,  and  nitrogen,  the  mean  relative  proportions  of  which  are  about 
as  4,  12,  and  1.  Arterial  blood  contains,  however,  more  oxygen  &  less  carbonic 
acid  than  venous  blood.  The  carbonic  acid  tfc  the  oxygen  are  partly  free  and  partly 
in  a  state  of  weak  chemical  combination,  the  carbonic  acid  being  combined  with 
the  carbonate  d;  phosphate  and  the  tribasic  phosphate  of  soda,  the  oxygen  being 
chiefly  absorbed  by  the  red  globules,  and  being  combined  with  the  hamoglohin  07 
cruorin,  which  has  been  shown  by  Hoppe-Seyler  and  Professor  Stokes  to  exist  in 
two  states  of  oxidation  corresponding  to  the  scarlet  &  purple  tints  of  arterial  & 
venous  blood. 


THE  ACTION  of  the  HEABT. 


The  whole  hmrt  is  reZoa^  d;  passive  immediately  ajUy  its  heat  against  the  side  of  the 
chest. 

During  the  period  of  repose  or  pause,"  the  auricles  gradually  fill,  and  a  portion 
of  the  blood  passes  through  them  into  the  ventricles. 

When  the  auricles  are  distended  they  contract,  propelling  nearly  the  whole  of  their 
blood  into  the  ventricles. 

The  contraction,  or  systole,  of  the  auricles  is  of  very  short  duration ;  it  commences  at 
the  orifices  of  the  great  veins,  and  is  propagated  towards  the  auriculo-ventricular 
openings,  the  auricular  appendices  being  the  last  to  contract.  The  reflux  of  the 
blood  into  the  veins  is  thus  checked,  as  it  is  also  by  the  simultaneous  contraction 
of  the  muscular  ooats  of  the  veins,  and,  with  regard  to  the  right  side  of  the  heart, 
by  the  Eustachian  &  Thebesian  valves,  &  by  the  valves  near  the  point  of  junction 
of  the  internal  jugular  &  subclavian  veins ;  a  small  quantity  of  blood  does,  how. 
ever,  regurgitate. 

The  ventricles,  on  being  distended,  immediately  contract,  so  immediately,  indeed, 
that  no  interval  can  be  perceived  between  their  contraction  and  that  of  the 
auricles,  the  two  concurring  "in  such  wise  that  but  one  motion  is  apparent" 
(Harvey). 

The  ventricles  contract  slowly,  and  empty  themselves  completely.  During  their 
contraction  they  rotate  screw-wise  to  the  right  on  account  of  the  spiral  arrangement 
of  their  superficial  fibres,  bulge  out,  and  tilt  forwards  the  apex  &  lower  part  of  the 
anterior  surface  of  the  heart,  producing  the  well-known  impulse  of  the  latter 
against  the  side  of  the  chest. — The  force  with  which  the  blood  is  propelled  into 
the  aorta  by  the  left  ventricle  is  calculated  to  be  equal  to  about  4  lbs.,  and  the 
force  with  which  it  is  propelled  into  the  pulmonary  artery  by  the  right  ventricle, 
is  calculated  to  be  equal  to  about  2  lbs.  The  force  of  the  auricular  contractions 
cannot  be  measured. 

The  pav^e  or  the  period  of  relaxation,  during  which  the  cavities  of  the  heart  are 
again  filling,  recommences  for  the  auricles,  during  the  contraction  of  the  ventricles,  and 
for  the  whole  of  the  heart,  imm,ediately  after  such  contraction. — The  cavities  of  the 
heart  are  now  no  longer  believed  to  dilate  actively  ;  their  diastole,  though  taking 
place  spontaneously,  is  nevertheless  a  mere  passive  phenomenon,  due  simply  to 
the  relaxation  of  the  previously  contracted  muscular  walls. 

Action  of  the  Valves  of  the  Heart. 

The  mitral  and  tr>.cuspid  valves  close  the  auriculo-ventricular  openings  during  the 
contraction  of  the  ventricles,  and  prevent  regurgitation  from  the  ventricles  into 
the  auricles  &  great  veins.  The  semilunar  valves  close  immediately  after  such 
contraction  and  prevent  regurgitation  from  the  arteries  into  the  ventricles. 

The  closure  of  the  tricuspid  valve  is  said,  however,  to  be  imperfect,  and  to  allow  of  a 
certain  degree  of  regurgitation  during  violent  exercise,  and  also  when  the  circulation 
trough  the  lungs  is  impeded,  a  pulsation  synchronous  with  the  beat  of  the  heart 
being  then  observable  in  the  jugular  veins.  Over-distention  of  the  cavities  of  the 
heart  dk  of  the  capillaries  of  the  lungs  is  prevented  by  this  "  safety  valve  action  "  as  it  is 
sometimes  called.  « 

The  auriculo-ventricular  valves  are  closed  by  the  pressure  of  the  blood  in  the 
contracting  ventricles,  their  elevation  being  aided  by  the  action  of  the  elastic 
tissues  which  they  contain.  The  eversion  of  these  valves  is  prevented  by  the  chordas 
tendinece,  which  are  kept  tense  by  the  contraction  of  the  musculi  papillares,  which 
contraction  takes  place  simultaneously  with  that  of  the  walls  of  the  ventricles. 

The  semilunar  valves  are  thrust  asunder  by  the  impetus  of  the  blood  outflowing  from 
the  ventricles. — The  lateral  pressure  of  the  blood  propelled  into  the  arteries 
distends  their  elastic  walls,  but  it  does  not  distend,  or  at  least  it  does  not  distend  in 
an  equal  degree,  the  unyielding  valves  and  the  rings  to  which  they  are  attached. 
Three  pouches,  the  sinuses  of  Valsalva,  ore  thus  formedbehind  the  valves,  while  the  valves 
themselves  are  drawn  inwards  towards  the  centre  of  the  artery,  and  are  thus  favour- 
ably disposed  to  be  pressed  down  and  closed,  as  soon  as  the  ventricles  cease  to 
contract  and  the  dilated  arteries  are  able  to  recoil.  The  pressure  of  the  blood  in  the 
recoiling  arteries,  as  has  been  shown  by  Mr.  Savory,  is  not  sustained  by  the  valves 
alone,  but  also  by  the  thick  upper  edge  of  the  ventricles,  upon  which  the  pouches  of  the 
distended  artery  &  the  outer  part  of  the  semilunar  valves  repose.  The  margins 
of  the  valves  meet  in  three  converging  lines,  along  which  they  come  in  coniact  with 
each  other,  not  only  by  their  edges  but  also  by  the  ventricular  surface  of  the  lunulas. 
The  corpora  Arantii  meet  in  the  amtre  of  the  artery  &  prdbaitly  assist  in  the  closure 
i^the  valves. 


CAUSE  of  the  ACTION  of  the  HEART. 


The  co-ntractioas  of  the  heart  are  not  governed  directly  by  the  cerebro' spinal 
nerve-centres i  for  injury  to  the  latter  amounting  even  to  total  destruc- 
tion, does  not,  if  gradually  inflicted,  stop  the  heart's  action,  and,  if 
suddenly  inflicted,  generally  occasions  but  a  temporary  interruption 
due  to  shocks  especially  if,  in  the  case  of  ■warm-blooded  animals, 
artificial  respiration  be  resorted  to.  The  action  of  the  heart  con- 
tinues even  after  that  organ  has  been  completely  disconnected  from 
all  other  structures  and  removed  from  the  body,  and  continues  under 
such  circumstances  for  several  minutes  in  the  case  of  warm-blooded, 
and  for  several  hours  in  the  case  of  cold-blooded  animals. 

The  immediate  cause  of  the  hearths  action  lies,  therefore,  within  the  heart 
itself,  i.e.,  in  the  numerous  ganglia  dr'  nerves  of  the  sympathetic  system, 
which  are  distributed  throughout  the  substance  of  the  heart.  (Vide 
*•  In  ^uence  of  the  Nervous  System  over  the  Action  of  the  Heart. 


THE  SOUNDS  of  the  HEART 


Are  two  in  number,  follow  in  quick  succession,  and  are  succeeded  by  a  peme. 

1st.  Sound.— Is  deep,  dull,  prolonged,  coincides  with  the  impulse  of  the 
heart,  &  just  precedes  the  pnlse.  Is  best  heard  in  the  5th  intercostal  space 
two  inches  below  &  one  to  the  inner  side  of  the  nipple. 

2]ld.  Sound.  .—Is  sJwrter,  sharper,  higher  in  tone,  and  has  a  somewhat  flapping 
character.  It  immediately  follows  the  pulse,  and  is  best  heard  at  the  upper ' 
border  of  the  3rd  costal  cartilage  of  the  left  side,  close  to  the  sternum. 

The  two  sounds  &  the  pause  correspond  in  point  of  time  as  follows  ;— 

1st.  Sound-with: 

A.  The  contraction  of  the  ventricles,  the  closure  of  the  auriculo -ventricular 
calves,  the  opening  of  the  semilunar  valves,  &  the  projection  of  the  blood 
into  the  arteries. 

B.  The  first  part  of  the  dilatation  of  the  auricles. 

2nd.  Sound-with: 

A.  The  cessation  of  the  contraction  of  the  ventricles,  the  recoiling  of  the  arteries, 
&  the  closure  of  the  semilunar  valves. 

B.  The  continued  dilatation  of  the  auricles,  the  opening  of  the  auriculo-ven- 
tricular  valves,  &  the  commencing  dilatation  of  the  ventricles. 

The  pause — with : 

A.  The  distention  and  subsequent  contraction  of  the  auricles. 

B.  The  distention  of  the  ventricles. — During  the  pause  the  semilunar  valves 
are  closed  and  the  auriculo-ventricular  valves  are  open. 

The  two  sounds  are  determined  as  follows : — 

1st.  Sound.— By  several  coincident  causes,  the  principal  of  which  is  the 
vibration  of  the  auriculo-ventricular  valves  at  the  moment  of  their  closure, 
and  also,  perhaps.the  vibration  of  the  walls  of  the  ventricles,  aorta,  and 
pulmonary  artery.  That  such  is  the  grand  cause  of  the  first  sound  of  the 
heart  is  rendered  more  than  probable,  if  it  is  not  absolutely  proved,  by  the 
following  experiment  of  Valentin  : — Valentin  filled  with  a  moderate  quantity 
of  water  without  any  admixture  of  air  a  portion  of  a  horse's  intestine  tied  up 
at  both  ends ;  the  stethoscope  being  applied  to  one  of  the  ends,  towards  which 
end  the  water  is  propelled  by  sudden  pressure  at  the  other,  a  sound  is  heard 
Tcry  similar  to  the  first  sound  of  the  heart ;  this  sound  is  evidently  produced 
fey  the  vibration  of  the  walls  of  the  intestine.  It  is  admitted,  however,  that 
other  causes  assist  in  producing  the  first  sound;  among  these  secondary 
causes  the  most  eflacient  are  probably  the  contraction  of  the  muscular  fibres  of 
the  ventricles,  the  shock  of  the  heart  against  the  walls  of  the  chest,  &  the  vibration 
of  the  blood  itself  when  suddenly  compressed  and  ejected  into  the  arteries. 
2nd.  Sound. — By  the  vibration  of  the  semilunar  valves  at  the  moment  of 
their  closure.  This  is  proved  by  another  of  Valentin's  experiments. 
Valentin  passed  curved  needles  through  the  walls  of  the  arteries  &  the 
semilunar  valves,  thus  rendering  these  immovable,  and  stopping  their 
action ;  after  the  operation  the  second  sound  was  no  longer  heard. 

The  contraction  of  the  auricles  is  inaudible  through  the  walls  of  the  chest,  but  when  the 
heart  is  exposed  &  the  stethoscope  is  applied  to  it,  a  slight  sound  is  heard  preceding, 
&  being  continued  into,  the  louder  sound  of  the  ventricular  contraction. 

Impulse  of  the  Heart  against  the  walls  of  the  Chest 

Is  felt  most  distinctly  between  the  5th  &  6th  left  ribs,  one  or  two  inches  from  the 
sternum. 

It  is  determined  by  the  bulging  out  of  the  heart  during  the  ventricular  contraction, 
&  also  by  the  tilting  forwards  of  its  apex  in  a  screw-like  manner,  due  to  the  spiral 
arrangement  of  the  superficial  fibres  of  the  ventricles.  The  tendency  of  the  aorta 
to  straighten  itself,  when  distended  by  the  action  of  the  ventricles  is,  perhaps, 
another  cause  of  the  impulse  of  the  heart,  but  only  a  very  secondary  one,  for  tie 
eame  tilting  forwards  occurs  when  the  apex  of  the  heart  is  cut  off  and  the  cavitteS 
of  the  ventricles  are  laid  open 


STRUOTUEE  of  the  ARTERIES 


Presents  for  examination  three  coats,  the  vasa  vasorum,  &  nerves. 


Inner,  Serous  or  Epithelial  Coat — consists  ottwo  essential  structwes 

between  which,  in  the  large  arteries,  a  third  structure  is  interposed.— The  two 
essential  structures  are  : — 

1.  A  single  layer  of  pavement  epithelium,  the  cells  of  which  are  slightly 
elongated,  and  present  very  distinct  nuclei. 

2.  An  elastic  layer  which  may  be  either,  as  it  usually  is,  a  delicate  reticu. 
lated  membrane  perforated  here  <&  there,  the  striated  or  fenestrated  coat  of  Henle, 
or  a  mere  network  of  anastomosing  fibres  of  elastic  tissue  longitudinally 
disposed ;  or  the  two  forms  of  elastic  tissue  may  coexist,  the  former  internally, 
the  latter  externally. — The  intermediate  structure  observable  in  the  large  arteries 
is  a  longitudinal  stratum  (striated  layer  of  Kblliker)  of  ill.developed  elastic  & 
connective  tissue  fibres,  which  stratum  is  often  nearly  homogeneous  in 
appearance. 

This  coat  is  a  thin,  brittle,  colowrless  membrane,  remarkable  for  the  smoothness 
of  its  inner  surface.  It  can  easily  be  separated  from  the  middle  coat  by  mace- 
ration. 


IVEidcLle  or  CirCnlSir  Ooat — consists  of  alternate  layers  of  circular 
muscular  fibres  and  of  circular  fibres  of  yellow  elastic  tfc  white  fibrous  tissues.  The 
relative  proportion  of  these  different  elements  varies  according  to  the  size  of  the 
vessel,  the  muscular  fibres  being  most  abundant  in  the  small  arteries,  and  forming 
almost  exclusively  the  middle  coat  of  the  smallest  ones,  the  elastic  &  white  fibrous 
tissues  being  predominant  in  the  larger  vessels,  and  existing  almost  exclusively  in 
the  main  trunks. 

This  coat  is  relatively  very  thick,  and  is  the  principal  cause  of  the  great 
thickness  of  the  walls  of  the  arteries.  It  is  elastic,  but  brittle,  of  a  yellowish  or 
tawny  colour  in  large  arteries,  redder  in  the  smaller  ones.  It  is  easily  separable 
from  the  outer  coat. 


External  or  Cellular  Coat,  or  Tunica  Adventitia — consists 

ot  connective  tissue  longitudinally  or  obliquely  disposed,  and  containing,  except  in 
the  smallest  arteries,  elastic  fibres  and  elongated  nuclei.  In  the  larger  arteries 
the  inner  layers  of  this  coat  are  formed  of  elastic  tissue  only,  while  the  white 
fibrous  tissue  predominates  in  the  outer  layers. 

This  coat  is  proportionately  thickest  in  the  small  arteries.  It  forms  a  tough 
investment,  continuous  externally  with  the  sheath,  by  means  of  loose  areolar 
tissue.  It  is  in  this  coat  that  the  vasa  vasorum  &  nerves  are  principally  seen  to 
ramify. 


Nutrient  Arteries  or  Vasa  Vasorum — Arise  from  the  neighbouring 

branches,  break  up  in  the  loose  cellular  tissue  within  the  sheath,  ramify  in  the 
external  coat,  and  give  off  a  few  twigs  to  the  middle  coat.  The  corresponding  venules 
open  into  the  veins  which  accompany  the  artery. 


Nerves — Are  derived  principally  from  the  sympathetic,  but,  also  from  the 
cerebro.spinal  system.  They  form  plexuses  on  the  large  trunks  ;  small  bundles 
of  fibres  run  along  the  smaller  arteries,  single  fibres  along  the  smallest.  These 
penetrate  into  the  middle  coat,  to  which  they  are  principally  distributed. 


AETERIAL  CIRCULATION. 


The  two  properties  by  which  the  arteries  inflnence  the  circulation  are  thel» 

elasticity  &  their  contractility. 

Elasticity  of  the  Arteries. 

The  contents  of  the  ventricles  are  forced  into  the  arteries  more  rapidly  than  they 
can  be  discharged.   The  elasticity  of  the  arteries  therefore  :— 

1.  Prevents  the  arteries  from  bursting. — The  elasticity  is  most  developed  in  the 
large  arteries,  especially  in  those  near  the  heart,  in  which  the  variations  of 
internal  pressure  are  the  greatest.  The  degeneration  of  the  walls  of  the 
arteries  is  the  principal  cause  of  aneurisna  &  apoplexy. 

2.  Equalises  the  circulation  by  maintaining  pressure  on  the  blood  during  the 
intervals  of  the  ventricular  contractions  ;  the  jetting  stream  is  thus  converted 
into  the  continuous  and  equable  current  observable  in  the  capillaries. 

3.  Tends  with  the  contractility  to  maintain  uniformity  in  the  fulness  <Ss  tension  of, 
and  consequently  in  the  rate  of  exudation  from,  and  of  absorption  into,  the 
vessels. 

Contractility  of  the  Arteries 

Is  most  developed  in  the  small  and  in  the  middle-sized  arteries. — The  contractility  of 
the  middle-sized  arteries  becomes  evident  to  the  naked  eye  when  they  are 
denuded  and  exposed  to  the  air,  or  when  they  are  cut  through ;  in  the  latter  case 
it  tends  to  stay  the  hemorrhage,  especially  when  cold  or  any  irritating  substance 
is  applied.  The  contractility  of  the  very  small  arteries  is  rendered  still  more 
evident  by  the  microscopical  examination  of  the  mesentery  of  the  frog  &  other 
small  animals  when  either  cold  or  heat,  or  mechanical,  chemical,  or  electric 
stimuli  are  applied.   It  may  last  as  long  as  48  hours  after  death. 

It  is  governed  by  the  vaso-motor  nerves,  and  is  called  into  play  by  reflex  action.  It 
regulates,  according  to  the  requirements  of  the  moment,  the  quantity  of  blood 
that  each  part  is  to  receive.  It  co-oparatos  with  the  elasticity  in  adapting  the 
calibre  of  the  vessels  to  the  total  mass  of  the  blood,  and  in  maintaining  uniformity  in 
the  tension  or  tone  of  the  blood-vessels. 

Force  of  the  Blood  in  the  Arteries. 

The  onward  force  of  the  blood  in  the  arteries  has  been  measured  by  Poiseuille  by 
means  of  the  haemadynamometer,  and  more  recently  by  several  experimenters 
by  means  of  the  kymographion. 

It  was  said  by  Poiseuille  to  be  the  same  in  all  the  arteries,  &  to  be  capable  of 
supporting,  while  the  ventricles  are  contracting,  a  column  of  mercury  about 
six  inches  or  a  column  of  water  about  seven  feet  in  height.  It  is  now,  however, 
known  to  vary  considerably  in  the  dififerent  parts  of  the  arterial  system. 
It  is  increased  by  the  injection  of  water  or  blood  into  the  veins,  and  diminished 
by  bleeding.  It  was  said  to  be  increased  during  expiration,  and  diminished 
during  inspiration ;  the  action  of  the  respiratory  movements  appears,  however, 
to  be  rather  complex,  the  arterial  pressure  usually  increasing,  according 
to  Dr.  Burdon  Sanderson,  during  inspiration  and  the  commencement  of 
expiration,  and  diminishing  towards  the  end  of  the  expiratory  movement,  & 
during  the  period  of  repose  of  the  thorax. 

The  force  with  which  the  blood  is  propelled  into  the  aorta  by  the  left  ventricle  is  cal. 
culated  to  be  equal  to  about  4  lbs.,  &  the  force  with  which  it  is  propelled  into 
the  pulmonary  artery  by  the  right  ventricle  to  be  equal  to  about  2  lbs. 

Velocity  of  the  Blood  in  the  Arteries. 

Volkmann  has  shown  with  the  hssjnadrometer  that  the  velocity  of  the  blood  is  much 
greater  in  the  arteries  than  in  the  capillaries,  and  also  considerably  greater  than 
in  the  veins ;  that  it  is  greatest  near  the  heart  <Sc  during  the  ventricular  contractions, 
and  least  during  the  ventricular  diastole  &  in  parts  distant  from  the  heart,  the  two 
extremes  being  respectively  about  10  &  about  2  inches  per  second.  The  velocity  of 
the  blood  is  also  slightly  increased  during  expiration,  and  diminished  during 
Inspiration. 
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THE  PULSE. 


The  jetting  movement  of  the  blood  dilates  the  arteries  in  all  directions,  increaslngr 
both  their  diameter  and  their  length.  The  lateral  dilatation  of  the  arteries  is  only 
about  1.15th  (Vierordt)  or  l-22ndth  (Poiseuille)  of  their  diameter.  The  elongation 
(which  has  not  been  accurately  measured)  produces  curvature  or  increases  the 
natural  curves,  and  causes  a  much  greater  displacement  of  the  arterial  walls.  ^ 

The  pulse  may  be  defined  as  the  heat  of  the  arteries  produced  by  their  sudden  dilatation 
and  displacement,  the  latter  due  to  the  curvature  produced  by  elongation,  which 
dilatation  d:  displacement  are  rapidly  propagated  in  a  wave-like  manner  from  the 
heart  immediately  after  each  ventricular  contraction. 

The  nearer  an  artery  is  to  tJte  heart,  the  sooner  after  the  ventricular  contraction  is 
the  pulse  perceptible  in  it ;  thus  the  pulse  in  the  carotid  precedes  that  in  the 
radial,  which  in  its  turn  precedes  that  in  the  dorsal  artery  of  the  foot.  The 
delay  of  the  pulsation  in  the  distant  arteries  never  exceeds,  however,  l.Uh  or 
IMh  of  a  second. 

The  improved  sphygmograph  &  the  beautiful  investigations  of  Mr.  Marey  have 
inaugurated  a  new  period  in  the  progress  of  our  knowledge  of  the  pheno. 
mena  of  the  arterial  circulation.  The  sphygmograph  itself  cannot  be  described 
here,  nor  can  any  but  the  most  prominent  results  of  the  investigations  of  Mr. 
Marey  and  others : 

1.  The  distention  of  all  the  arteries  begins  at  the  same  moment  &  coincides 
with,  or  instantaneously  follows,  the  contraction  of  the  ventricles  ;  it  is  only  the 
maximum  of  dilatation  and  displacement  which  maximum  alone  is  perceptible 
to  the  finger,  that  is  attained  almost  instantaneously  in  tlie  proximate  arteries,  and 
slightly  delayed  in  the  distant  ones. 

2.  The  delay  is  thus  accounted  for:  the  blood  propelled  by  the  ventricle 
into  the  aorta  meets  the  blood  already  contained  in  that  vessel,  and  is  impeded  by 
it  in  its  course.  This  causes  a  part  of  the  force,  communicated  to  the  blood  by  the 
ventricular  contraction,  to  be  expended  laterally  in  the  dilatation  of  the  first  part  of 
the  aorta,  and  gives  rise  to  the  formation  of  a  wave.  It  is  this  wave,  which,  advancing 
at  the  rate  of  about  30  feet  per  second,  dilates  in  succession  the  different  parts  of  the 
artery  as  it  passes  rapidly  through  them. 

3.  The  passage  of  each  successive  wave  through  an  artery,  or  each  pulsation, 
is  marked  in  the  pulse-tracing  by  an  upstroke ;  a  downstroke  marks  the  intervals 
of  the  pulsations.  The  upstroke  ovjghi  not  to  be  too  vertical,  for  deficiency  of  tone  in 
the  arteries  is  thus  indicated.  The  dovmstroke  always  presents  a  slight  re-ascent, 
which  is  probably  due  to  the  momentary  rebound  throughout  the  arterial  system, 
occasioned  by  the  closure  of  the  aortic  valves,  which  closure  suddenly  stops  the 
incipient  regurgitation  of  the  blood  into  the  ventricles.  When  there  is  much  loss 
of  tone,  as  in  low  fevers  and  after  great  loss  of  blood,  this  re-ascent  is  exaggerated 
and  can  be  perceived  by  the  finger ;  the  pulse  is  then  said  to  be  dicrotous. 


The  frequency  of  the  Pulse. 

The  pretty  uniform  relative  average  observed  in  health,  between  the  number  of  th« 

beats  of  the  heart  &  the  number  of  the  respirations,  is  about  4  or  6  to  1. 
In  round  numbers  the  average  frequency  of  the  pulse  is  :— 

Before  birth    150  beats  per  minute. 

At  birth                                                     140  „  „  „ 

1st  year                                                      123  „  „  „ 

7th  year                                                    go  „  „  „ 

14th  year                                                     80  „  „  „ 

Adult  age                                         70  to  80  „  „  „ 

Old  age                                               60  to  70  „  „  „ 

In  decrepitude                                  85  to  75  „  „  „ 


THE  STEUOTUEE  of  VEINS 


Differs  more  than  that  of  the  arteries  according  to  size  and  situation. 
In  most  veins  three  coats  can  be  recognised;  they  are,  however,  much 
thinner  than  those  of  the  arteries. 


Veins  immediately  above  the  Capillaries — Consist  simply 

of  a  layer  of  pavement  epithelium,  supported  on  a  stratum  of 
nucleated  fihrous  tissue,  longitudinally  disposed,  and  generally 
divisible  into  two  layers. 


Middle-sized  Veins— Present: 

Inner  Coat. — Formed  from  within  outwards  by  a  layer  of  pavement 
epithelium,  one  or  more  layers  of  nucleated  fihrous  tissue  lon- 
gitudinally disposed,  and  a  longitudinal  layer  of  reticulated 
yellow  elastic  fibrous  tissue. 

Middle  Coat. — ^Formed  of  alternating  longitudinal  ^  circular  layers, 
the  former  consisting  of  white  <Sj-  reticulated  yellow  elastic 
fibrous  tissues,  the  latter  of  the  same  tissues  with  circular 
muscular  fibres. — The  muscular  fibres  are  most  developed  in  the 
splenic  &  portal  veins. 

OuTEK  Coat. — Consists  of  connective  tissue  longitudinally  or  obliquely 
disposed. 


Larger  Veins — ^Have  a  tUclc  middle  coat,  in  which,  however,  the 
muscular  tissue  is  but  scanty. 

Very  Large  Veins — Have  a  remarkably  thich  outer  coat,  which, 
especially  in  the  large  veins  of  the  abdomen,  contains  a  consider- 
able number  of  longitudinal  muscular  fibres  (Eemak). — The  venae 
cavse  &  pulmonary  veins  present  near  their  termination  a  layer  of 
striated  muscular  fibres  continued  upon  them  from  the  auricles. 

Plain  muscular  fibres  are  abundant  in  the  veins  of  the  gravid  uterus. 
They  are,  on  the  contrary,  wanting  in  the  veins  of  the  maternal 
part  of  the  placenta,  in  most  of  the  cerebral  veins,  the  sinuses  of 
the  dura  mater,  the  veins  of  the  cancellous  tissue  of  bone,  and  in 
the  venous  spaces  of  the  corpora  cavernosa. 

The  valves  of  the  veins  are  formed  by  a  reduplication  of  the  inner  & 
middle  coats. 

The  coats  of  the  veins,  as  well  as  those  of  the  arteries,  are  supplied 
with  nutrient  vessels,  the  vasa  vasorum.  Small  nerves  have  also 
been  traced  on  some  of  the  larger  veins  of  the  abdomen. 


VENOUS  CIRCULATION 


Is  equable,  slower  than  the  arterial,  but  much  quicker  than  the  capillary. 

Its  average  velocity  is  about  1.3rd  of  that  of  the  arterial  in  the  corresponding  peripheral 
veins,  the  aggregate  capacity  of  which  is  about  three  times  that  of  the  arteriee. 
This  velocity  increases,  however,  as  the  blood  advances  towards  the  heart,  in 
proportion  as  the  aggregate  capacity  of  the  veins  diminishes,  and  in  the  venae 
cavse  it  approximates  that  of  the  blood  in  the  aorta.  The  motion  of  the  blood  in 
the  veins  is  subjected,  however,  to  many  disturbing  causes,  such  as  the  inter- 
mittent effects  of  muscular  pressure,  and  the  opposite  influences  of  expiration  & 
inspiration. 

The  pressure  or  onward  force  of  the  blood  in  the  peripheral  veins  varies  from  1.10th 
to  1.20th  (Poiseuille),  or  is  about  1.12th  (Valentin)  of  that  of  the  biood  in  the 
corresponding  arteries.  Near  the  heart  it  diminishes  still  more,  and  in  the  upper 
part  of  the  vena  cava  scarcely  any  pressure  can  be  detected ;  but  then  it  must  be 
remembered  that  the  auricles  dilate  spontaneously,  if  indeed,  they  do  not  assist 
the  flow  of  the  blood  towards  the  heart. 

The  venous  circulation  is  aided  by  the  action  of  the  valves  of  the  veins,  and  by  tho 
respiratory  movements. 

The  Valves — Are  found  in  all  the  veins  subject  to  pressure  from  the  surrounding 
muscles,  and  also  in  the  superficial  veins,  and  are  most  abundant  in  the  extremities, 
particularly  in  the  lower  ones.  They  are  absent  in  the  veins  of  less  than  a  line  in 
diameter,  in  the  veins  within  the  cranium,  spinal  canal,  &  abdomen,  in  the 
pulmonary  &  umbilical  veins,  the  veins  of  the  cancellous  tissue  of  bone.  A 
few  valves  exist,  however,  in  the  spermatic  veins,  and  one  is  found  at  their 
respective  points  of  junction  with  the  inferior  vena  cava  &  the  left  renal  vein. 

They  are  semilunar  in  form.  Their  free  concave  margin  is  directed  towards  the 
heart ;  they  are  attached  by  their  convex  margin  to  the  wall  of  the  vein,  which 
is  dilated  immediately  above  them.   They  generally  lie  in  pairs. 

They  are  /ormed  by  a  reduplication  of  the  two  inner  coats  of  the  veins,  and  consist  of 
connective  tissue  and  elastic  fibres  covered  with  a  layer  of  pavement  epithelium. 

The  design  of  the  valves  is  twofold : 

1.  They  divide  the  column  of  blood  and  save  the  walls  of  the  veins  from  the 
entire  pressure  of  the  whole  column;  they  are,  therefore,  on  the  latter  account 
most  needed  in  the  unsupported  superficial  veins,  where  they  are  also  most 
numerous.  It  is,  however,  inaccurate  to  say  that  they  are  intended  to  do  away 
with  the  obstacle  presented  by  gravitation  to  the  venous  circulation;  this 
obstacle  has  no  real  existence,  since  the  column  of  blood  in  the  veins  is  supported 
by  the  equal  weight  of  the  column  of  blood  in  the  arteries. 

2.  In  the  deep  veins  their  action,  combined  with  that  of  the  surrounding 
muscles,  is  a  powerful  assistant  to  the  venous  circulation.  When  a  vein  is  com. 
pressed  by  an  adjoining  muscle  in  a  state  of  contraction,  the  first  pair  of  valves 
in  the  direction  of  the  capillaries  closes  immediately;  the  blood  is  then  forcibly 
driven  in  the  direction  of  the  heart.  It  will  easily  be  seen  that  it  is  the  rapid 
succession  of  muscular  contractions,  aiid  not  their  duration,  that  assists  the 
venous  circulation  ;  were  it  not  for  the  anastomoses  of  the  veins  the  prolonged 
duration  of  the  muscular  contractions  would  even  have  a  contrary  effect. 

The  Respiratory  Movements. 

Inspiration. — it  was  Sir  D.  Barry  who  first  showed  the  aspiration  or  suction 
of  the  blood  into  the  thorax  during  inspiration,  by  the  experiment  of  a  bent  glass 
tube  introduced  at  one  extremity  into  the  jugular  vein  of  a  hsrse,  &  immersed  at 
the  bther  extremity  in  some  coloured  fluid:  the  fluid  was  drawn  up  into  the 
tube  during  each  inspiration.  It  is,  however,  only  in  the  veins  of  the  base  of  the 
neck,  the  walls  of  which  are  more  or  less  attached  to  bones  and  are  supported  by 
the  deep  cervical  fascia,  that  the  influence  of  inspiration  extends  to  any  distance 
cut  of  the  thorax  ;  the  opening  of  any  such  veins  often  gives  rise  to  the  now  well- 
known  phenomenon  of  the  aspiration  of  air  into  the  circulatory  system. 

Expiration.— ii'avours  the  arterial  circulation  by  increasing  the  pressure  in 
the  arteries ;  its  effect  on  the  venous  circulation  must  be  the  reverse.  The  action  of 
the  valves  prevents,  however,  any  rapid  expiratory  movement  from  seriously 
impeding!  the  circulation;  prolonged  expirations  rapidly  produce  congestion  of  the 
head  &  neck. 
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THE  OAPILLABIES 


Form  a  microseopical  networlc,  which  is  everywhere  interposed  between 
the  arteries  &  the  veins,  except  between  some  of  the  arteries  and 
veins  of  the  erectile  structures  and  of  the  spleen  &  maternal  part  of 
the  placenta. 

This  network  is  much  more  uniform  in  the  size  ^  shape  of  its  meshes 
than  that  which  is  formed  by  the  anastomoses  between  the  small 
arteries  &  the  veins ;  the  vessels  which  form  it  maintain  the  same 
diameter  throughout.  In  form  it  presents  three  principal  va/rieties ; 
the  meshes  being  either  rounded,  as  they  commonly  are,  or  elongated, 
as  they  are  in  the  muscles  and  nerves,  or  arranged  in  loops^  as  they 
are  in  the  papillae  of  the  tongue  &  skin. 


The  more  active  the  functions  of  an  organ  or  tissue  are  the  more  numerous  are 
its  capilla/ries.  In  the  lungs,  the  liver,  &  the  choroid  coat  of  the  eye,  in 
which  the  capillary  network  is  closer  than  in  any  other  structure, 
the  interspaces  between  the  capillaries  are  smaller  than  the  capillaries 
themselves  ;  ligaments,  tendons  and  allied  structures  are  but  slightly 
vascular. 

The  usual  diameter  of  the  capillaries  is' about  l-3000t/i  of  an  inch. 
Among  the  largest  capillaries  rank  those  of  the  sTcin,  and  those  of 
the  marrow  of  the  bones,  which  are  sometimes  l-1200th  of  an  inch  in 
diameter ;  among  the  sm^dlest  are  those  of  the  brain  &  of  the  mucous 
membrane  of  the  small  intestine,  the  diameter  of  which  sometimes  does 
not  exceed  l-4500th.  The  so-called  serous  vessels,  which  were 
described  in  the  cornea,  and  which  were  said  to  be  too  small  to 
transmit  the  red  globules  of  the  blood,  are  now  not  generally 
believed  to  exist. 

The  walls  of  the  capillaries  have  until  lately  been  believed  to  consist, 
simply  of  a  transparent  structimless  membra/ne,  formed  of  a  single 
layer  of  flattened  nucleated  cells,  which  are  so  perfectly  joined 
together  that  their  nuclei  alone  can  be  distinguished  like  so  many 
minute  oval  corpuscles,  imbedded  at  intervals  in  the  otherwise  homo- 
geneous wall.  Externally  to  this  membrane  there  is  now  believed  to 
exist  another  homogeneous  structure,  on  the  inner  surface  of  which  the 
epithelial  scales  are  laid  down. 

Two  varieties  of  large  capillaries,  or  vessels  of  transition  between  the 
ordinary  capillaries  and  the  arteries  &  veins,  are  described  by  some 
authors.  On  the  smaller  of  the  two  a  thin  layer  of  circular  muscular 
fibres  can  be  seen ;  on  the  larger  variety  an  additional  coverinie  of 
connective  tissue  begins  to  appear. 


CAPILLARY  CIRCULATION 


Can  easily  be  observed  with  the  microscope  in  all  tJiin,  transpa/rent  partSf 
such  as  the  web  of  a  frog's  foot,  the  tail  and  gills  of  tadpoles  or 
small  fishes,  or  the  mesentery  of  small  quadrupeds. 

Is  remarkobbly  slow ;  and  it  is  uniform,  at  least  in  the  strong  and  healthy 
adult. 

Its  velocity  is  greatest  in  the  centre  of  the  stream,  which  is  occupied  by  the 
red  globules.  At  the  sides  is  a  "  still  layer"  of  liquor  sangtdnis, 
apparently  motionless,  in  which  lymph  corpuscles  may  sometimes  be 
seen  moving  slowly  along,  or  even  adhering  to  the  walls  of  the 
vessel. 

In  very  young  animals,  and  also  in  adults  when  much  blood  has  been 
lost,  or  when  the  heart's  action  is  weak,  the  motion  of  the  blood  in 
the  capillaries,  on  account  of  the  incomplete  distension  and  im- 
perfect elastic  recoil  of  the  arterial  walls,  becomes  pulsatory,  and 
even  intermittent  when  the  degree  of  exhaustion  is  very  great.  The 
red  globules  are  even  seen  occasionally  to  recede  a  little  during  the 
intervals  of  the  arterial  pulsations. 

The  rate  of  the  capillary  circulation  in  the  frog  is  about  1  inch  per 
minute,  or  l-60th  of  an  inch  per  second,  in  the  systemic  capillaries,  and 
Sihont  five  times  as  great  in  the  pulmonic  capillaries.  It  is  estimated 
that  the  velocity  of  the  capillary  circulation  in  man  and  in  wa/rm- 
blooded  animals  is  about  two  or  three  times  as  great. 

The  slow  course  of  the  blood  in  its  passage  through  the  capillaries  is 
confined  to  a  very  short  space,  for  the  whole  length  of  the  capillary 
vessels  through  ivhich  in  any  one  part  of  the  body  the  blood  has  to  pass 
before  reaching  the  veins,  does  not  exceed  1-SOth  of  an  inch;  the  time 
during  which  the  blood  is  detained  in  the  capilla/ries  does  not  therefore 
exceed  one  second. 

The  slowness  of  the  capillary  circulation  is  due  to  the  widening  of  the 
stream  of  blood  in  the  capillaries,  the  aggregate  sectional  area  of 
which  is  much  greater  than  that  of  the  arteries  or  veins,  and  also 
to  the  greatly  increased  resistance  arising  from  friction. 

When  cold  or  any  irritating  substance  is  applied  to  a  part,  the  capillaries 
are  seen  to  diminish  in  size.  They,  however,  properly  speaking,  cannot 
be  considered  to  contract.  It  is  the  arteries  alone  that  contract ; 
less  blood  then  passing  through  the  capillaries,  the  elasticity  of  the 
latter  causes  them  momentarily  to  shrink.  The  capillaries  do  not, 
therefore,  appear  to  exert  any  direct  mechanical  influence  over  the 
movement  of  the  blood.  It  is  probable  that  it  is  some  increased 
tendency  of  the  globules  to  adhere  to  each  other  &  to  the  walls  of 
the  capillaries  that  causes  the  partial  or  total  arrest  of  the  circula- 
tion in  inflamed  parts,  &  also  in  the  lungs  during  asphyxia.  «^ 

It  is  in  the  capillaries  that  the  blood  comes  in  closest  contact  witn  the 
tissues,  and  that  those  interchanges  principally  take  place  which 
ensue  in  the  processes  of  nutrition  &  secretion. 


18 


ALLANTOID  or  PLACENTAL  F(ETAL  CIRCULATION. 


The  arterial  blood  returns  from  the  placenta  through  the  urnhilical  vein,  which  vein 
in  the  longitudinal  fissure  of  the  liver : — 

A,  gives  oSafew  small  branches  to  the  lobus  quadratus  &  the  lobus  Spigelii  of  the 

liver,  and  a  few  small  branches  and  one  large  one  to  the  left  lobe  (which 
latter  large  branch  becomes  after  birth  the  left  branch  of  the  vena  portse) ; 

B,  divides  into  two  terminal  branches,  of  which 

One,  the  larger,  joins  the  upper  part  of  the  foetal  portal  vein  (which  upper 
part  subsequently  becomes  the  right  branch  of  the  portal  vein  of  the 
adult)— while 

The  other,  the  smaller,  termed  the  ductus  venosus,  joins  the  left  hepatic 
vein  at  the  point  of  junction  of  the  latter  with  the  inferior  vena  cava. 

All  the  blood  from  the  umbilical  vein  passes  therefore  into  the  inferior  vena  cava, 

either  directly  or  indirectly. 
The  blood  passes  from  the  inferior  vena  cava  into  the  right  auricle  and  is  guided 

from  thence  by  the  Eustachian  valve  and  the  foramen  ovale  into  the  left  auricle, 

from  which  latter  cavity  it  descends  into  the  left  ventricle. 
It  is  propelled  by  the  left  ventricle  into  the  arch  of  the  aorta,  from  whence  it  ascends 

almost  entirely  to  the  head,  neck,  and  upper  extremities,  a  very  small  quantity 

passing  down  the  descending  aorta  to  the  remainder  of  the  body. 
Prom  the  head,  neck,  and  upper  extremities  the  blood  returns  by  the  superior  vena 

cava  to  the  right  auricle. 
This  time  it  passes  into  the  right  ventricle. 

From  the  right  ventricle  it  is  propelled  into  the  pulmonary  artery. — Very  little 
blood  goes  to  the  lungs,  which  are  almost  impervious  ;  nearly  all  passes  through 
the  ductus  arteriosus  into  the  descending  aorta,  by  which  it  is  conveyed  to  the 
trunk  and  lower  extremities,  a  part  returning  to  the  placenta  by  the  hypogastric 
arteries,  and  their  continuation,  the  umbilical. 

In  this  coicrse  the  arterial  blood  is  several  times  admixed  vnth  venous  blood,  no  part  of 
the  body,  except  a  small  portion  of  the  liver  receiving  absolutely  pure  arterial 
Wood  ;  thus  : — 

On  entering  the  liver  the  principal  current  of  arterial  blood  is  mixed  with  the 

blood  of  the  portal  vein ; 
On  entering  the  inferior  vena  cava  the  mass  of  the  arterial  blood  is  mixed  with  the 

blood  returning  from  the  lower  extremities  ; 
Wlien  traversing  for  the  first  time  the  right  auricle,  the  arterial  blood  probably 

bears  away  with  it  a  part  of  the  blood  returning  to  the  heart  by  the  superior 

vena  cava. 

It  is  this  "  arterial' '  blood,  three  times  admixed  with  venous  blood,  relatively  pure, 
however,  that  passes  up  to  the  head,  neck,  and  upper  extremities,  herice  the  relatively 
greater  development  of  these  parts. — It  is  only  after  this  blood  has  circulated 
through  the  head,  neck,  and  upper  extremities  that  it  is  returned  to  the  heart,  and  is 
thence  directed,  after  having  received  but  two  slight  additions  of  purer  blood  in  the 
right  auricle  and  from  the  arch  of  the  aorta,  towards  the  trunk  and  Imucr  extremities  ; 
hence  the  lesser  development  of  the  latter. 
At  birth  an  increased  amount  of  blood  passes  from  the  pulmonary  artery  to  the  lungs;  as 
this  blood  returns  aerated  to  the  left  auricle  by  the  pulmonary  veins,  an  increased 
supply  of  pure  blood  is  received  by  the  left  side  of  the  heart ;  the  closure  of  the  foramen 
ovale  soon  stops  the  arrival  of  the  mixed  blood,  which  previously  distended  that 
cavity. — The  pure  arterial  blood  is  soon  propelled  equally  into  the  arteries  of  the 
head,  neck,  and  upper  extremities  and  into  the  descending  aorta,  for  the  closure  of  the 
ductus  arteriosus  stops  the  arrival  into  the  latter^vessel  of  the  current  of  mixed  blood 
from  the  right  side  of  the  heart,  which  current  had  hitherto  impeded  the  descent 
towards  the  lower  extremities  of  the  blood  propelled  by  the  left  ventricle.  All 
the  parts  of  the  body  then  receive  equally  pure  blood.— The  placental  circulation 
ceasing,  the  umbilical  arteries  <&  veins  and  the  ductus  venosus  become  obliterated 
and  transformed  into  fibrous  cords,  the  arteries  remaining  pervious,  however,  under 
the  name  of  superior  vesical,  as  far  as  the  bladder,  the  upper  part  of  which  they 
supply. 
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ACTION  of  the  HEART. 


Visible  Movements : 

(Chest  openeDj  Heart  exposed,  Artificial  Respiration  kept  up.) 

A  peristaltic  wave  runs  along  the  gi-eat  veins  (superior  &  inferior  cavse,  &  pulmonaiy) 
towards  the  auricles,  increasing  in  intensity  as  it  progresses. 

This  wave  then  spreads  rapidly  over  the  auricles :  The  walls  of  these  cavities  are  pressed 
towards  the  anriculo-ventricular  openings;  the  appendices  are  drawn  inwards,  and  become 
smaller  &  paler.    The  ventricles  become  turgid. 

As  the  wave  reaches  the  ventricles,  these  become  harder,  more  rounded,  &  shorter.  Their 
base  moves  downwards  towards  the  apex  of  the  heai't,  and,  as  a  consequence,  the  aorta  & 
pulmonary  artery  elongate.  The  apex  of  the  heart  moves  forwards  &  to  the  right,  exposing 
more  of  the  left  ventricle. 

During  the  diastole  the  ventricles  flatten  &  elongate;  their  base  is  drawn  upwards  by  the 
shortening  of  the  aorta  &  pulmonary  artery ;  the  hearfc  turns  backwards  &  to  the  left. 

Thejihree  Pins  inserted  into  the  Heart. 

If  three  pins,  inserted  through  the  chest-wall  into  the  apex,  middle,  &  base  of  the  ventricles, 
are  carefully  watched  during  the  beats  of  the  heart,  the  heads  of  these  pins  will  be  seen  respec- 
tively, that  of  the  first  one  merely  to  quiver^  that  of  the  second  one  to  incline  slightly  upwards, 
that  of  the  third  one  to  incline  upwards  a  good  deal  more.  Farther,  the  nearer  the  middle 
pin  is  to  the  lower  one,  the  less  it  moves;  the  nearer  it  is  to  the  upper  one,  the  more  it  moves.  - 
This  shows  that  the  apex  of  the  heart  does  not  move  in  the  vertical  direction,  and  that  the  other 
parts  move  downwards  towards  the  apex  in  proportion  to  their  distance  from  it.  After  death 
the  heads  of  all  the  three  pins  are  inclined  downwards,  showing  that  the  heart,  as  a  whole,  has 
been  drawn  upwards  by  the  shortening  of  the  aorta  &  pulmonary  artery. 
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ACTION  of  the  HEABT  (continued). 


Registration  of  the  Beats,  and  of  the  Variations  of  Intra- Auricular  &  Intra- 
 — — ~  — — ^ — —   Ventricular  Pressure^ 

(Cardiograph  applied  to  chest-wall,  small  elastic  bags  communicating  with  separate 
tambours  introduced  through  internal  jugular  vein  into  right  auricle  &  right  ventricle  o? 

A  HORSE;  ORDINARY  RECORDING  APPARATUS. —Marey) . 

Counting  the  cycle  from  just  after  end  of  ventricular  systole,  we  find : 

1.  -  Steady  rise  of  auricular^  ventriadar^  &  cardiographic  curves  for  about  of  a  second:  -  Tha 
Wood,  poured  from  the  great  veins  into  the  auricles,  increases  the  pressure  in  these  cavities; 
poured  from  the  auricles  into  the  ventricles,  it  increases  the  pressure  in  the  latter ;  the  distended 
ventricles  press  against  the  chest-wall. 

2.  -  Sharp  rise  and  fall  of  auricular  curve  occupying  togetlier  about  -^^  of  a  second ;  slight  corres- 
ponding rise  fall  of  ventricular  <Sr=  cardiographic  curves :  -  Contraction  &  relaxation  of  auricles, 
distension  of  ventricles,  slightly  increased  pressure  of  the  latter  against  chest-wall. 

3.  -  Great  &^  sudden  rise  of  ventricular  curve  la  slings  with  but  a  slight  decline  and  a  feio  unditla-' 
tionSifor  about  Z^-\Oths  of  a  second  ;  corresponding  rise  6^  undulations  of  cardiographic  curve  ;  slight 
undulations  of  auricular  curve :  -  Ventricular  systole ;  beat  of  heart  against  side  of  chest.  -  The 
intra-ventricular  pressure  rapidly  reaches  its  maximum,  which  is  all  but  completely  maintainei 
during  the  time  specified.  The  undulations  are  probably  due  to  vibration  of  the  auriculo-ventri- 
cular  valves. 

4.  -  Great  sudden  fall  of  ventricular  curve.,  and  corresponding  fall  of  cardiographic  curvs^ 
lasting  about  2|  V^-ths  of  a  second:  -  Ventricular  diastole ;  end  of  the  beat.  -  Botti  curves,  and 
also  the  auricular  curve,  present  here  a  slight  transitory  rise  probably  due  to  the  vibration  of 
the  semilunar  valves. 

The  cardiac  cycle  lasts  therefore  about  |a  of  a  second.  Nearly  half  this  time  is  occupied 
by  the  systole,  first  of  the  auricle,  then  of  the  ventricle  j  a  little  more  than  half  is  occupied  by 
the  '  passive  interval,'  or  period  of  repose  of  the  heart. 

The  Work  done  by  the  _Heart. 

Daring  their  systole,  the  pressure  in  the  right  and  left  ventricles  is  respectively  about  33  or 
40,  and  about  200  mm.  of  mercury,  the  total  pressure  corresponding  to  that  of  about  3  metres  of 
blood.  Taking  the  quantity  of  blood  ejected  by  each  ventricle  during  its  systole  at  about 
grms.,  or  6  ounces,  this  gives  a  total  of  more  than  600  grammetres  of  work  for  each  beat,  or 
about  60  or  70  thousand  kilogrammetres  per  day.  Taking,  further,  the  total  quantity  of  blooS 
in  the  body  at  -J^  of  the  body  weight,  it  is  clear  that  the  whole  of  the  blood,  or  a  quantity 
equivalent  to  the  whole  of  the  blood,  must  pass  through  the  heart  in  between  30  &  40  beats,  or 
in  about  ^  a  minute.  -  The  pressare  in  the  right  auricle  during  its  systole  is  about  2  or  3  mm.  of 
mercury ;  this  pressure  is  said  to  become  negative  immediately  after  the  systole,  The  pressors 
in  the  left  auricle  has  not  been  ascertained. 


iCHEWIATIC  CIRCULATION. 


Attempts  at  an  artificial  imitation  of  the  circulation  of  the  blood  tlirow  considerable  ligbt 
on  the  circulatory  mechanism  : 

Let  us  consider  the  action  of  a  force-pump  combined  with 

I.  -  A  System  of  Rigid  Tubes.  -  During  each  stroke  of  the  pump  there  escapes  from  the  distal 
end  of  the  system  just  as  much  fluid  as  enters  at  the  proximal  end.  In  every  part  the  flow 
is  intermittent  and  synchronous  with  the  action  of  the  pump.  It  matters  not  whether  a 
resistance  be  introduced,  in  imitation  of  that  opposed  by  the  small  arteries  &  capillaries  to  the 
movement  of  the  blood.  Such  resistance  would  diminish  the  quantity  of  fluid  issuing  at  the 
distal  end  simply  by  diminishing  the  quantity  entering  at  the  proximal  end  j  it  would  not  modify 
the  intermittent  charater  of  the  circulation. 

II.  -  A  System  of  Elastic  Tubes  without  a  Resistance,  -  Siich  a  system  is  practically;  the  same 
as  the  foregoing.  The  outgo  being  easy,  the  elasticity  of  the  tubes  is  not  called  into  play;  the 
flow  is  still  intermittent  &  synchronous  with  the  strokes. 

III.  -  A  System  of  Elastic  Tubes  with  a  Resistance  Interposed,  -  On  the  one  hand,  the  fluid, 
being  unable  to  pass  the  resistance  as  rapidly  as  it  enters  from  the  pump,  tends  to  accumulate  on 
the  proximal  side  of  the  resistance.  On  the  other  hand,  the  distended  tubes,  reacting  upon  the 
accumulated  fluid,  tend  to  force  it  through  the  resistance  during  the  intervals  of  the  strokes. 
The  flow  tends,  therefore,  to  become  continuous.  And  if  the  resistance,  the  force  of  the  pump, 
and  the  elasticity  of  the  tubes  are  all  sufficiently  great,  the  flow  will  practically  become,  not  only 
continuous,  but  equable.  For  then  the  greater  part  of  the  force  of  the  pump  would  be  spent  in 
getting  up,  and  afterwards  in  keeping  up,  the  over  distension  of  the  tubes,  and  it  would  be  left 
mainly  to  the  elastic  recoil  of  the  tubes  to  keep  up  the  flow. 

This  is  not  a  bad  simile  of  the  vascular  mechanism :  -  The  elastic  and  distended  arteries 
are  continually  striving  to  drive  the  surplus  blood  they  contain  through  the  capillaries  into  tho 
veins  j  and  the  heart  is  continually  overfilling  the  arteries,  and  keeping  them  distended. 

Should  the  arterial  walls  lose  their  elasticity,  or  should  the  arteries  cease  to  be  dis- 
tended, eithet  through  insufficient  action  of  the  heart,  or  through  greatly  diminished  resistance 
on  the  part  of  the  capillaries,  the  venous  circulation  would  immediately  become  more  or  less 
pulsatory,  or  even  ^'stermittent. 
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SECONDARY  WAVES. 


Secondary  Schematic  Waves. 

Two  kinds  of  secondary  waves  may  be  developed  in  the  schema,  waves  of  oscillation  &  reflected 
waves. 

The  waves  of  oscillation  are  due  to  the  inertia  of  the  fluid  &  of  the  elastic  tubes.  Therefore 
the  denser  the  fluid,  the  more  extensible  &  elastic  the  tubing,  the  more  sudden  the  stroke,  and 
the  less  the  pressure,  the  more  marked  they  are :  if  mercury  be  used,  they  are  very  conspicuous; 
if  the  tubes  be  filled  with  air,  they  are  almost  absent.  They  form  a  regular  decreasing  series 
succeeding  the  primary  wave  and  traveling  in  the  same  direction  &  at  the  same  rate. 

Reflected  waves  occur  when  the  circulation  is  arrested  in  any  part  of  the  schema  by  the 
blocking  of  the  tube.  These  waves  travel  at  the  same  rate  as  the  primary  or  direct  waves,  but 
in  the  opposite  direction,  i.  e.^  backwards  towards  the  pump. 

At  the  block  each  reflected  wave  blends  with  the  corresponding  primary  or  direct  wave. 
At  any  point  of  the  tube  between  the  pump  &  the  block,  each  reflected  wave  follows  the  corres" 
ponding  direct  wave  at  an  interval  of  time  proportionate  to  the  distance  between  such  point  & 
the  block. 

If  the  relation  be  considered  between  a  reflected  wave  and  the  next  ensuing  direct  wave,  it 
will  be  seen  that,  in  its  retrograde  course,  the  former  meets,  blends  with,  and  then  separates 
from  the  latter  at  a  point  in  the  schema,  the  situation  of  which  point  will  depend  jointly  upon 
the  length  of  tube  between  the  pump  &  the  block,  and  upon  the  length  or  rate  of  succession  of 
the  direct  waves. 

If,  therefore,  the  recording  lever  be  successively  shifted  from  one  point  to  another,  or  if 
several  levers  be  applied  to  different  points  of  the  tube,  it  will  be  found  (1)  that  the  interval 
between  the  reflected  wave  and  corresponding  or  preceding  primary  wave  decreases  with  the 
diminishing  distance  between  the  point  observed  &  the  block,  and  (2)  that  the  interval  between 
the  reflected  wave  and  the  next  ensuing  direct  one  first  decreases  with  the  diminishing  distance 
between  the  point  observed  &  the  pump  till  it  becomes  nil,  and  then  again  increases  with  such 
latter  diminishing  distance. 

The  secondary  schematic  waves  throw  considerable  light  on  the 

Secondary  Pulse-waves. 

Two  are  usually  recognised,  the  predicrotic  or  iidaU  &  the  dicrotic  ;  the  latter,  which  occurs 
towards  the  end  of  the  descent,  being  the  most  marked  of  the  two. 

There  is  in  fact  some  uncertainty  with  regard  to  the  former.  In  some  cases  it  would 
appear  to  be  due  to  the  vibration  of  the  spring  of  the  sphygmograph,  for  it  is  sometimes  wanting 
when  no  spring  is  used,  and  when  the  spring  used  has  a  short  vibration-period,  it  may  be  broken 
up  into  a  series  of  two  or  more  undulations.  When  clearly  physiological,  it  appears  to  coincide 
with  the  first  of  the  series  of  undulations  of  the  ventricular  curve  which  follow  the  sudden  rise 
due  to  the  ventricular  systole. 

The  dicrotic  wave  is  sometimes  so  marked  as  to  give  rise  to  the  appearance  of  a  double 
pulse ;  sometimes  both  it  and  the  tidal  wave  are  scarcely  perceptible.  It  is  most  pointed  in  the 
aorta  &  in  the  large  arteries  near  the  heart. 

Neither  of  these  waves  is  a  reflected  wave,  for  the  interval  between  either  &  the  primary 
wave  is  found  to  be  the  same  in  whatever  artery  the  pulse  be  recorded.  Hence  these  waves 
travel  in  the  same  direction  as  the  primary  wave,  i.  e.,  towards  the  periphery,  and  at  the  same 
rate.    They  are,  therefore,  waves  of  oscillation. 

But,  if  they  are  waves  of  oscillation,  how  is  it  that  the  second  one  (the  dicrotic)  is  more 
marked  than  the  first  (the  tidal  or  predicotic)  ?  Some  event  must  intervene  to  exaggerate  this 
particular  wave.    This  event  is  probably  the  sudden  closure  of  the  semilunar  valves. 

The  occurrence  of  the  secondary  pulse-waves  is  favoured  by  the  same  conditions  which,  in 
the  schema,  favour  the  production  of  waves  of  oscillation,  i.  e.,  sharp  ventricular  systole,  low 
pressure,  perfect  elasticity  and  extensibility  of  the  arteries :  Dicrotism  may  be  induced  by 
diminishing  the  peripheral  resistance  through  section  of  the  splanchnic  nerves ;  it  is  not  seen 
in  arteries  rendered  I'igid  by  disease. 
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•^FF]^^^^  J^^^'"^^"^^^  ACTION, -General  View. 


EFFECTS  of  ARTERIAL  DILATATION. 


Are  first  Local :  - 

The  Diminution  of  PpvEssuee  in  passing  from  the  Arteries  into  the  Veins  is  less 

MARKED  THAN  USUAL.  HenCO 

Presstire  in  the  Veins  is  increased^  and 
The  Presstire  in  the  Arteries  is  diminished.  -  The  pi-essure  ia  the  arteries  holng 
diminished,  the  arterial  walls  are  less  distended,  their  elasticity  is  called  into 
play  to  a  less  extent,  and  to  a  less  extent  also  is  the  intermittent  current 
equalised  :  The  circulation  in  the  veins  is  therefore  pulsatory. 

More  Blood  is  Accumulated  in  the  Affected  Area,  and  the  Flow  of  Blood  through 

it  is  accelerated.  Hence 

The  Sum  Total  of  the  Molecular  changes  is  increased^  and  the  Temperature  is  raised. 

Nevertheless 

The  Blood  is  less  completely  Dearterialised^  and,  in  the  veins,  it  has  still  the  arterial 

hue. 

Then  General :  - 

The  General  Arterial  Pressure  is  lowered,  through  diminished  peripheral  resisi-^ 

ance  in  the  affected  area. 

The  Total  Quantity  of  Blood  in  the  other  Areas  is  diminished,  through  more 

blood  being  accumulated  in  the  area  affected. 


EFFECTS  of  ARTERIAL  CONTRACTION. 


Are  first  Local ;  - 

The  Diminution  of  Pressure  in  passing  from  the  Arteries  into  the  Veins  is  more 

MARKED  than  USUAL.  Hence 
The  Pressure  in  the  Arteries  is  increased^  and  the  pressure  in  iJte  Veins  is  diminished. 

Less  Blood  is  contained  in  the  Affected  Area,  and  the  Flow  of  Blood  through  it 

is  retarded.  Hence 

Tlie  su?n  total  of  Molecular  chatiges  is  diminished  and  the  Temperature  is  loicered. 

Notwithstanding  that, 

The  Blood  is  more  completely  dearterialised  than  usuaL 

Then  General; - 

The  General  Arterial  Pressurr  is  increased,  through  increased  peripheral  resistance 

in  the  affected  area,  and 
The  Total  Quantity  of  Blood  in  the  otheb  Areas  is  also  increased. 
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EFFECTS  of  VASO-MOTOR  ACTION. -Special  View. 


Only  the  general,  or  only  the  local,  eflEects  may  be  conspicuous ;  or  both  may  be  well  marked, 
one  in  one  direction,  the  other  in  the  other  direction :  -  In  a  rabbit  under  the  influence  of 
urari,  irritation  of  the  central  end  of  the  divided  great  auricular  nerve  induces  both  a 
general  rise  of  the  arterial  pressure,  and  the  dilatation  of  the  arteries  of  the  ear. 


LOCAL  VASQ-MOTOR  MECHANISMS. 

Local  vaso-motor  mechanisms  capable,  not  only  of  maintaining,  but,  within  certain 
limits,  of  regulating  local  arterial  tond,  are  inferred  from  the  following  facts :  - 

In  the  apparent  absence  of  all  disturbing  causes,  certain  small  arteries  are 
seen  to  vary  greatly  in  size,  these  variations  assuming  sometimes  an  almost 
rhythmical  character.  This  is  the  case  with  the  principal  artery  of  the  ear  of 
the  rabbit.  If  the  sympathetic  be  divided,  these  variations  will  cease  for  a  few 
days,  but  will  then  recommence  and  continue  as  before. 

The  increased  vascularity  induced  by  the  division  of  vaso-motor  nerves, 
disappears  almost  entirely  after  a  short  time,  leaving  the  parts  apparently  in 
their  normal  condition,  and  still  capable  of  increased  or  diminished  vascularity 
under  irritation. 

The  circulation  of  the  submaxillary  gland  seems  to  be  influenced  by  a  centre 
of  its  own  (See  Appendix,  page  40^). 

The  normal  condition  of  the  erectile  organs  appears  to  be  independent 
of  the  integrity  both  of  the  spinal  cord  &  of  the  nei'vi  erigmtes  (See  pages  89  &  100). 

As  to  the  nature  of  such  local  mechanisms,  if  they  exist,  we  are  entirely  ia 
the  dark :  no  ganglia  have  been  found  either  in  the  rabbit's  ear,  or  in  the  web 
of  the  frog's  foot,  where  similar  vascular  variations  may  be  observed, . 

The  subject  of  the  constrictor  6^  dilator  nerves  is  discussed  pages  109  &  110. 

See  also  Appendix  page  12^  (after  page  20-^). 


7 


COAGULATION  of  the  BLOOD. 


Is  caused  by  its  becoming  pervaded  by  a  mesliwork  of  fine  granular  fibres  of  fibrin  due  to  tbe 
interaction  of  three  factors,  -  fibrinoplastiriy  fibrinogent  dr»  Jibrin'firment ;  ^  i\xe  latter  factor 
resulting  from  the  death  of  the  white  blood  corpuscles,  and  being  set  tfreo  by  their  disinteg- 
ration. 


THE  THREE  FIBRIN-FACTORS. 


riBRINOPLASTIN  &  FIBRINOGgN.^PLASMINE, 

Fibrinoplastin  &  fibrinogen  are  globulins  (V.  Animal  Chemistry)  found  in 
many  parts  of  the  body,  and  so  similar  to  each  other  that  they  can  scarcely  be 
distinguished.  They  are  both  insoluble  in  distilled  water,  and  in  saturated 
neutral  saline  solutions,  (sodium  chloride,  magnesium  sulphate,  etc.),  but 
soluble  in  dilute  neutral  saline  solutions.  They  are  prepared  through  precipi- 
tation from  their  solutions  by  one  or  other  of  the  following  methods,  namely, 
by  saturating  these  solutions  with  sodium  chloride,  or  by  diluting  these 
solutions  with  from  ten  to  twenty  times  their  bulk  of  water  and  then  driving 
through  them  a  brisk  current  of  carbonic  acid  gas :  The  precipitate  of  fibrino- 
plastin is  first  flocculent,  then  granular ;  the  precipitate  of  fibrinogen  is  viscous  & 
adherent  to  the  bottom  of  the  containing  vessel,  and  it  takes  a  longer  time  to 
appear. 

Fibrinoplastin  is  usually  obtained  from  blood-serum  •  but  it  may  also 
be  obtained  from  connective  tissue,  the  cornea,  etc.  Fibrinogen  is  usually 
obtained  from  serous  transudations,  such  as  the  pleural,  pericardial,  &  peri- 
toneal fluids,  &  the  fluid  of  hydrocele. 

A  clot  is  formed  when  solutions  of  these  two  bodies  are  mixed  together, 
or  when  fibrinogen  is  added  to  serum,  or  fibrinoplastin  to  hydrocele  fluid.  On 
the  other  hand,  serum  deprived  of  its  fibrinoplastin,  and  hydrocele  fluid  deprived 
of  its  fibrinogen,  have  lost  all  coagulating  power.  , 

Fibrinoplastin  &  fibrinogen  can  be  obtained  together  from  any  fluid  con- 
taining them  both,  e.g.  uncoagulated  blood-plasma*.  On  saturation  with 
sodium  chloride,  uncoagulated  blood  plasma  yields  a  white,  flaky,  and  some- 
what sticky  precipitate  termed  plasmine  (Denis).  This  is  a  mixture  of  fibrino- 
plastin &  fibrinogen.  It  is  soluble  in  a  dilute  sodium  chloride  solution,  or,  in 
fact,  as  above  prepared,  in  distilled  water,  since  a  certain  amount  of  sodium 
chloride  then  remains  adherent  to  it.  The  solution  is  at  first  perfectly  fluid, 
but  it  soon  becomes  viscid,  and  then  clots  like  blood  plasma. 

*E.g.,  the  plasma  either  of  horse's  blood,  which  may  be  kept  from  coagulating 
by  simply  lowering  the  temperature  to  about  0*  C,  or  of  any  other  blood, 
which  maybe  kept  from  coagulating  by  its  being  mixed  with  one  third  of  its' 
bulk  of  a  saturated  solution  of  some  neutral  salt,  such  as  magnesium  sul- 
phate. ----- 
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FIBRIN-FERMENT. 


This,  like  the  digestive  ferments,  is  a  non-niti'ogenous  substance,  which  acta 
cataly tically  on  the  two  other  jfibrin-f actors,  i.e.^  promotes  their  union  and  the  consequent 
formation  of  fibrin,  without  entering  into  the  composition  of  the  fibrin  produced.  On 
being  added  to  uncoagulated  blood-plasma,  or  to  any  fluid  containing  both  fibrino- 
plastin  &  fibrinogen,  it  gives  rise  to  a  rapid  coagulation,  while  a  relatively  slow  coagulation 
would  otherwise  have  taken  place ;  but  this  addition  in  no  wise  affects  the  quantily  of 
fibrin  produced.  Neither  does  any  coagulation  result  from  fibrin-ferment  being  added 
to  a  fluid  containing  either  fibrinoplastin  or  fibrinogen  alone. 

This  fibrin-ferment  results  from  the  death  of  the  white  corpuscles,  and  is  set  free 
by  their  disintegration.  Some  of  the  facts  proving  this  are  easily  observed  with  the 
microscope  in  the  case  of  the  blood  of  the  horse,  which  blood  coagulates  but  slowly  if  a 
low  temperatiire  be  maintained ;  -  No  coagulation  takes  place  till  some  of  the  corpuscles 
begin  to  break  up;  and  then  the  first  threads  of  fibrin  are  seen  to  radiate  from  these 
broken  up  corpuscles,  as  from  centres. 

The  fibrin-ferment  can  easily  be  obtained  by  the  alcohol  &  water  and  alcohol 
&  glycerine  methods  employed  for  the  preparation  of  the  digestive  ferments  (V.  Appen- 
dix, page  36-A-),  and  the  circumstances  connected  with  the  preparation  supply  further 
facts  in  support  of  the  foregoing  statements  :  -  If  blood-serum  or  defibrinated  blood  be 
received  into  about  twenty  times  its  bulk  of  alcohol,  and  the  coagulum  be  first  left  to 
stand  under  alcohol  for  some  time,  and  then  be  dried  and  extracted  with  water  or 
glycerine,  the  extract,  though  containing  little  or  no  proteid  material,  will  be  found  to 
hold  fibrin-ferment  in  solution.  The  solution  will  be  a  weak  one  if  the  blood-serum  or 
defibrinated  blood  is  operated  on  soon  after  the  blood  is  poured  out  from  the  vessels ;  it 
will  be  much  more  active  if  the  operation  is  delayed  for  a  time,  especially  if  it  is  delayed 
till  coagulation  sets  in.  Farther,  if  horse's  blood  be  used,  and  if,  by  cold  or  otherwise,  * 
it  be  kept  from  coagulating  till  the  red  corpuscles  have  sunk  to  the  bottom  and  the 
white  ones  have  floated  to  the  top,  it  will  be  found  that  fibrin-ferment  can  be  obtained 
in  abundance  from  the  upper  strata  of  the  fluid,  in  small  quantities  only  from  the  lower 
ones.  And  again,  if  a  portion  of  the  upper  strata  of  the  fluid  be  filtered  and  thus  freed 
from  white  corpuscles,  little  or  no  fibrin-ferment  can  be  obtained  from  them  j  from  the 
residue,  on  the  contrary,  from  the  white  corpuscles  themselves,  a  large  amount 
of  ferment  can  be  extracted.  All  fluids  spontaneously  coagulable  are  rich  in  white 
corpuscles  j  and  the  more  abundant  these  are,  the  more  pronounced  is  the  coagulation. 

*E.e.,  by  dilution  with  a  saturated  solution  of  some  neutral  salt,  such  as  magnesium  sulphate, 

as  already  explained. 


HOW  BEST  TO  OBSERVE  THE  PROCESS. 


The  process  of  blood.coagulatioa  can  be  retarde<3,  and  can  then  be 
more  easily  watched,  by  the  blood  being  diluted  with  a  con- 
siderable  proportion  of  a  weak  sodium  chloride  solution,  -  say 
with  fifty  times  its  bulk  of  a  '75  per  cent,  solution.  Fine  fibrils 
of  fibrin  will  then  be  seen  to  spring  from  the  sides  &  bottom 
of  the  vessel,  and,  little  by  little,  to  extend  throughout  the 
mass,  which  will  now  become  first  viscid,  and  then  more  opaque 
&  jelly-like.  If  picked  up  on  a  needle  or  glass  rod,  the  fibrils 
will  shrink  into  a  small  stringy  mass,  which  will  float  in  the 
fluid;  and,  if  the  fluid  is  stirred  from  time  to  time,  all  the 
fibrin  can  be  removed  piecemeal,  and  coagulation  entirely  pre- 
vented. When  fresh  blood  is  whipped  with  a  bundle  of  rods, 
the  rods  become  covered  with  a  mass  of  shrunken  fibrin,  and 
no  coagulation  occurs. 


Id 


It  would  appear  that  the  fibrinogen  is  a  normal  constitneut  of  the  bloocl-plasma;  but 
tbat  tbe  white  corpascles  are  the  source,  not  only  of  the  fibrin-ferment,  but  also  of  the  flbrino- 
plastin  :  -  Filtered  blood  plasma  coagulates,  not  only  slowly,  on  account  of  the  small 
amount  of  fibrin-ferment  present,  but  also  feebly.  This  is  due  to  the  small  amount  of  fibrino- 
plastin  it  contains ;  for  if  fibrinoplastin  be  added,  the  clot  formed  will  be  as  abundant  & 
firm  as  that  which  can  be  obtained  from  the  same  amount  of  unfiltered  plasma. 

Those  corpuscles,  which  are  clearly  seen,  in  the  blood  of  the  horse,  to  be  intermediate  in 
character  between  the  red  corpuscles  &  the  white  ones,  i.e.^  to  be  nucleated  cells  whose 
protoplasm  is  loaded  with  hsDmoglobin  granules,  are  also  believed  to  be  a  source  both  of  the 
fibrinoplastin  &  of  the  fibrin-ferment  (Schmidt).  In  the  lower  vertebrates,  the  nucleated  red 
corpuscles,  which  are  clearly  the  homologues  of  the  above-mentioned  intermediate  forms, 
appear  even  to  give  off,  not  only  fibrinoplastin  &  fibrin-ferment,  but  also  fibrinogen. 

Fibrinoplastin  prepared  by  the  saturation  method  always  contains  a  certain  amount  of 
fibrin-ferment:  -  The  addition  of  fibrinoplastin  so  prepared,  either  to  uncoagulated  blood- 
plasma,  or  to  pericardiac  fluid,  greatly  accelerates  coagulation.  The  fibrin-ferment 
appears  to  be  absent  from  fibrinoplastin  prepared  by  the  carbonic  acid  method. 

The  fibrinoplastin  &  the  fibrinogen  do  not  appear  to  unite  in  precise  &  definite  pro- 
portions, as  do  an  acid  &  a  base :  in  whatever  proportions  they  are  brought  together,  the 
quantity  of  fibrin  formed  is  always  less  than  that  of  the  fibinnoplastin  present. 

The  conception  of  the  coagulation  of  blood  as  a  chemical  process,  though,  from  the  above 
fact,  it  does  not  appear  well  founded,  has  nevertheless  the  advantage  of  giving  an  easy  expla- 
nation of  the  accelerating  influence  of  such  conditions  as  heat,  motion,  contact  either  with 
TOugh  surfaces,  or  with  porous  or  pulverulent  bodies,  etc.  "The  influence  of  other  conditions  is, 
bowcver,  obscure :  there  is  nothing  which  explains  the  retarding  action  of  alkaline  & 
sedative  salts,  of  narcotic  &  sedative  alkalis,  etc.,  nor  why  a  certain  amount  of  some  neutral 
fialt,  such  as  sodium  chloride,  must  of  necessity  be  present. 
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COAGULATION  in  the  BLOOD-VESSELS. 


DURING  LIFE, 

Causes  which  induce  it. 

These  are  the  presence  of  foreign  bodies  and  fhe  occurence  of  injured  or  diseased 
spots  in  the  vascular  parietes.  Such  conditions  attract,  and  then  doubtless 
cause  the  death  &  disintegration  of,  a  certain  number  of  white  blood-corpuscles  ; 
hence  the  production  &  effusion  of  the  fibrin-ferment,  which  leads  to  the  coagu- 
lation :  -  For  a  ligature  on  an  artery  to  cause  coagulation,  it  must  rupture  the 
inner  coat ;  and  if  this  be  done,  coagulation  will  take  place  whether  the  liga- 
ture be  left  in  sittt  or  not. 

Causes  which  prevent  it. 

We  are  driven  to  the  conclusion  that  the  parietes  of  the  living  vessel  destroy  the 
fibrin-ferment ;  and  it  is  asserted  on  the  strength  of  experimental  results  that 
this  is  the  case :  -  As  a  rule,  no  coagulation  is  caused  by  injecting  into  the 
vessels  of  a  living  animal  either  fibrin-ferment,  or  defibrinated  blood ;  and, 
on  the  other  hand,  the  ferment,  which  can  be  detected  in  the  blood  immed- 
iately after  the  injection,  rapidly  disappears.  Other  tissues,  that  of  the 
pericardium,  for  example,  also  appear  to  have  the  same  power  of  destroying 
fibrin-ferment,  even  after  death :  healthy  pericardial  fluid  removed  from  the 
body  immediately  after  death  generally  coagulates  rapidly  j  if  it  be  removed 
some  hours  after  death,  it  does  not  coagulate,  or  coagulates  but  slowly  &  feebly. 


AFTER  DEATH. 

Causes  which  induce  it. 

Appear  to  be  essentially  tiie  same  aa  those  which  induce  coagulation  during  life, 
the  death  &  disintegration  of  white  blood-corpuscles :  -  After  death,  the  blood 
in  the  vessels  does  not  coagulate  till  post-mortem  changes  set  inj  and  it  will 
further  be  shown  below  that,  when  coagulation  does  set  in,  it  commences  where 
white  corpuscles  have  previously  accumulated. 

Causes  which  prevent  it. 

Also  appear  to  be  essentially  the  same  as  those  which  prevent  coagulation  during 
life,  i.e,i  such  aa  may  be  believed  to  cause  destruction  of  the  fibrin-ferment  j  at 
least  the  facts  drive  us  to  this  conclusion.  And,  in  this  sense,  are  we  compelled 
to  admit  a  vital  power  exercised  by  the  blood  vessels,  {.e.^  a  certain  normal 
relation  or  equilibrium  existing  between  them  &  the  blood,  which,  as  long  as  it 
is  maintained,  keeps  the  latter  from  coagulating.  When  this  power  wanes, 
when  this  equilibrium  becomes  disturbed,  then  does  the  blood  begin  to  coagulate  - 
first  in  the  larger  vessels,  then  in  the  smaller  ones.  *  After  being  tied_  at  both  ends,  a 
large  vein  may  be  excised,  without  the  contained  blood  coagulating  for  twenty- 
four  hours  or  more  j  the  same  with  the  blood  in  an  excised  frog's  heart,  and 
with  the  fluid  in  an  excised  pericardium :  neither  will  coagulate  for  several 
hours.  The  vein  may  be  opened  at  its  upper  part,  and  thus  transformed  into  a 
kind  of  test-tube  open  to  the  air,  without  coagulation  occuring ;  and  if  two 
such  test-tubes  be  prepared  at  the  same  time,  the  blood  may  further  be  poured 
out  of  one  tube  into  the  other,  also  without  coagulation  occuring.  When 
removed  from  the  vessels,  however,  the  blood  coagulates  at  once. 

Anything  which  causes  an  accumulation  of  white  blood  corpuscles, 
and  thus  overstrains,  aa  we  may  suppose,  the  power  of  the  vessels  to 
destroy  the  nascent  ferment,  soon  causes  coagulation  :  -  The  corpuscles  cluster 
round  any  foreign  body,  such  as  a  thread,  needle,  or  piece  of  wire ;  and  from 
the  nucleus  thus  formed  a  clot  is  soon  seen  to  radiate  in  all  directions.  The 
tapering  coagulum  passing  up,  in  a  ligatured  artery,  from  the  ligature 
as  far  as  the  nearest  collateral,  is  formed  in  obedience  to  this  law. 

*  I.e.,  first  in  those  vessels,  where  a  relatively  large  amount  of  blood  is  but 
imperfeci.ly  restrained  from  coagi'lating  by  a  relatively  small  amount  of  surface  ; 
then  in  those  vessels,  where  a  relatively  large  amount  of  surface  more  efllciently 
restrains  ihe  coagulation  of  a  relatively  small  amount  of  blood. 
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RESPIRATION. 


MECHANISM  of  RESPIRATION. 


The  air  is  alternately  drawn  into,  and  expelled  from,  tlie  Inngs  by  the  two 
fiuccesBive  movements  of  inspiration  cfc  expiration,  which  movements  are  followed 
by  a  pause  or  period  of  repose  of  the  thorax. 

InspirSition — consists  in  the  dilatation  of  the  thorax  by  muscular  action,  and 
in  the  consequent  distention  or  inflation  of  the  lungs,  by  the  air  rushing  in  through 
the  windpipe  to  fill  up  the  threatened  vacuum. 
In  inspiration,  the  thorax  is  enlarged  in  each  of  its  three  diameters  :— 

The  enlargement  in  the  vertical  direction  is  always  the  greatest,  especially  in  the 
young,  and  is  due  to  the  descent  of  the  diaphragm  during  its  contraction. 

The  enlargement  in  the  two  horizontal  diameters,  viz.,  the  antero-posterior 
and  the  transverse,  is  most  marked  at  the  lower  part  of  the  thorax  in  the  male,  and 
at  the  upper  part  in  the  female,  the  difference  constituting  the  two  grand  types  of 
respiration,  the  abdominal  or  inferior  costal  and  the  superior  costal  or  pectoral.  It 
is  due  to  the  elevation  of  the  ribs  and  consequent  elevation  &  projection  forwards  of 
the  sternum,  and  also  to  the  rotation  of  the  ribs  upwards  round  an  axis  passing 
through  their  anterior  and  posterior  extremities  somewhat  after  the  fashion  in  which 
the  handle  of  a  bucket  is  raised. 

The  principal  inspiratory  muscle  is  therefore  the  diaphragm. 

The  auxiliary  inspiratory  muscles  are  the  muscles  that  raise  the  ribs. — They  may  be 
divided  into  three  groups,  which  are  respectively  called  into  play:  in  ordinary 
tranquil  breathing,  in  deep  inspirations  only,  and  in  extreme  emergencies  only. 
These  groups  are  : 

1.  The  external  intercostals,  with  perhaps  the  part  of  the  internal  intercostals, 
comprised  between  the  cartilages  of  the  ribs,  and  the  levatores  costarum.  It  was 
supposed  at  one  time  that  the  external  intercostals  could  not  raise  the  ribs  unless 
the  uppermost  rib  were  first  fixed  by  the  scaleni  (and  also  that  the  internal 
intercostals  could  not  depress  the  ribs  unless  the  lower  ones  were  maintained  by 
the  abdominal  muscles),  but  this  has  been  shown  to  be  inaccurate  both  theoreti- 
cally and  by  observations  on  living  animals. 

2.  The  anterior  <k  posterior  scaleni,  the  cervicalis  ascendentes,  the  posterior 
superior  serrati ;  and  also  the  pectorales  major  &  minor,  serraius  ma^jnus,  ]atis8imue 
dorsi,  &  subclavius,  when  the  scapula  &  clavicle,  and  consequently  th«  humerus, 
are  fixed  by  the  trapezius,  sterno-mastoid,  levator  anguli  scapulae,  &  rhomboidei. 

3.  Nearly  all  the  muscles  of  the  body  may  assist  in  violent  inspiratory  efforts  by 
removing  from  the  thorax,  and  fixing  at  a  distance,  the  points  of  origin  of  the 
foregoing  muscles,  and  thus  rendering  their  action  more  efficient :  the  head  is 
thrown  back  and  the  arms  are  frequently  uplifted  in  fits  of  dyspnoea. 

Sxpir3.tiOIl — Consists  in  the  elastic  recoil  of  the  whole  respiratory  apparatus, 
which  recoil  may  be  aided,  either  to  a  slight  or  to  a  considerable  extent,  by  th4 

compression  of  the  thorax  by  muscular  action. 

The  ordinary  expiratory  muscles  are  the  internal  intercostals  (with  the  exception, 
perhaps,  of  their  fore  part  comprised  between  the  costal  cartilages),  to  which 
may  be  added  the  infracostales,  the  triangularis  eterni. 

The  auxiliary  muscles  of  expiration,  which  are  called  into  play  in  voluntary 
expiratory  efforts,  as  in  speaking,  singing,  blowing,  etc.,  or  in  dyspnoea,  are  all 
the  other  muscles  that  depress  the  ribs,  such  as  the  abdominal  muscles,  external  & 
internal  oblique,  transversales,  recti,  pyramidales,  &  quadrati  lumborum,  the 
posterior  inferior  serrati,  the  erectores  spinae,  and,  when  the  scapula  is  fixed,  the 
upper  part  of  the  serratus  magnus.  Nearly  all  the  muscles  of  the  body  may,  however, 
assist  in  violent  expiratory  efforts. 

Influence  of  the  Nervous  System  over  the  Respiratory 

Movements. — Vide  Physiology  of  the  Medulla  Oblongata  &  of  the  Pneumo. 
pastric  Nerves. 


THE  ACT  of  BREATHING 
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Is  accomplished  from  14  to  18  times  per  minute  in  the  adult,  a  little  more  frequently  in  extreme  oia  age, 
about  three  times  as  often  immediately  after  birth.  Breathing:  is  accelerated,  however,  by  exercise, 
stimulants,  great  altitudes,  moderate  cold  ;  it  is  a  little  quicker  in  females  generally  and  in  persons  of 
small  stature.  The  normal  ratio  between  the  number  of  the  respirations  and  that  of  the  heats  of  the 
heart  is  about  1  4  or  5  in  adult  age,  and  1  to  3  or  in  childhood. 
The  complete  respiratory  act  is  divisible  into  three  parts,  inspiration,  expiration  &  a  period  of  repose  or 
pause,  the  relative  durations  of  which  are  respectively  estimated  by  Dr.  Burdon  Sanderson  to  be  as  4, 
2,  9,  the  duration  of  the  whole  respiratory  act  being  represented  by  15.  According  to  Dr.  Sibson  & 
Vierordt,  however,  inspiration  is  to  expiration  (pause  included)  as  10  to  14. 
During  each  respiratory  act  an  average  of  from  30  to  40  cubic  inches  of  air  (Ed.  Smith)  are  inspired  and  ex- 
pired.   This  volume  of  air  is  termed  the  Breathing  or  tidal  air. 

Complemental  Air— Is  the  volume  of  air,  about  three  or  four  times  greater,  or,  on  an  average, 
about  120  culic  inches  (Hutchinson),  which  can  be  drawn  into  the  lungs  by  a  forcible  inspiration. 

Reserve  Air— Is  the  volume,  on  an  average /row  75  to  100  cubic  inches  (Hutchinson),  which,  though 
remaining  in  the  lungs  after  an  ordinary  expiration,  may,  however,  be  expelled  by  a  more  forcible  effort. 

Residual  Air— Is  the  volume,  also,  on  an  average,  from  75  to  100  cubic  inches,  which  still  remains  in 
the  lungs  after  the  most  violent  expiratory  effort. 

Comparing  the  amount  of  the  breathing  or  tidal  air  with  the  total  amount  of  the  reserve  air  &  the 
residual  air,  or,  in  other  words,  with  the  volume  of  air  which  usually  remains  in  the  lungs,  it  appears 
that  not  more  than  |  or  i  of  this  volume  can  be  displaced  during  each  respiration.  It  is  only,  therefore, 
the  contents  of  the  trachea,  bronchi,  and  larger  bronchial  tubes  that  are  mechanically  expelled  and 
replaced  by  fresh  air.  It  is  the  diffusive  power  of  the  gases  themselves  that  causes  the  renewal  of  the 
air  in  the  smaller  bronchial  tubes  and  air-cells  :  the  oxygen,  which  is  more  abundant  m  the  larger 
tubes,  diffuses  itself  towards  the  smaller  passages  and  air-cells;  the  carbonic  acid,  which  is  more 
abundant  in  the  air-cells  and  in  the  smaller  tubes,  and  also  the  watery  vapour  given  off  from  the 
mucous  membrane,  diffuse  themselves  in  the  contrary  direction,  or  towards  the  larger  bronchi  & 
the  trachea,  from  whence  alone  they  are  removed  mechanically. 
The  volume  of  air  which  can  be  expelled  from  the  lungs  by  the  fullest  expiration,  preceded  by  the  deepest 
inspiration  of  Avhich  a  man  is  capable,  is  the  measure  of  the  Vital  capacity  of  the  chest  C Hutchinson). 
In  the  male  adult  of  the  average  stature  of  five  feet  seven  inches  the  vital  capacity  is  about  230  cubic 
inches.  The  vital  capacity  diminishes  or  increases  with  the  stature  by  about  8  cubic  inches  for  every 
inch  in  stature  between  the  heights  of  five  &  six  feet.  It  increases  up  to  the  age  of  thirty-five  and  then 
diminishes.    In  the  female  it  is  hardly  more  than  ^  what  it  is  in  the  male. 

It  is  not  proportionate  to  the  size  of  the  chest,  or  to  the  general  muscular  power  of  the  individual, 
and  is  greatly  diminished  in  pregnancy,  and  in  all  abdominal  diseases.  The  value  of  its  admeasure- 
ment as  a  means  of  diagnosis  of  the  earlier  stages  of  phthisis  has,  therefore,  been  exaggerated.  A 
diminution  of  16  per  cent,  appears,  however,  to  indicate  a  diseased  condition  of  the  lungs. 

The  total  volume  of  air  which  passes  through  the  lungs  of  a  male  adult  in  twenty-four  hours  is  estimated  by 
Dr.  Ed.  Smith  dX  from  700,000  to  1,700,000  cubic  inches,  or  from  400  to  1,000  cubic  feet,  the  quantity  varying 
according  to  the  amount  of  muscular  exercise  taken.  The  average  quantity  of  air  breathed  per  minute 
by  a  male  adult  at  rest  is,  according  to  the  same  author,  500  cubic  inches  in  the  day-time  and  400 
during  the  night. 

The  greatest  force  voith  which,  in  a  male  adult,  the  air  can  be  drawn  into  the  lungs,  is  capable  of  elevating  a 
column  of  mercury  usually  about  2  or  3  inches,  sometimes  as  much  as  6  or  7.  When  a  column  of  mercury 
is  elevated  three  inches,  each  square  inch  of  the  thoracic  walls  must  support  an  atmospheric  pressure 
of  more  than  23  oz. ;  adding  to  this  pressure  the  elastic  resistance  of  the  thoracic  walls,  it  is  calculated 
that  the  power  then  developed  by  the  inspiratory  muscles  must  be  more  than  1,000  lbs. — The /orce  with  which 
air  can  be  expelled  from  the  chest  is  about  1-^rd  greater,  on  account  of  the  co-operation,  during  expiration, 
of  the  elasticity  of  the  lungs  and  chest  walls  with  the  muscular  effort.  The  power  of  the  respiratory 
muscles  is  greatest  in  men  of  from  5  feet  7  inches  to  5  feet  8  inches  in  height. 

The  muscular  force  employed  in  ordinary  inspiration  is  calculated  to  be  about  170  lbs.  (Hutchinson.) 

The  entrance  of  the  air  into,  and  its  exit  from,  the  lungs  produce  the  respiratory  sounds  or  mwrmurs,  which 
in  health  are  of  two  kinds :  the  bronchial  or  tubular  sounds,  which  are  of  a  blowing  character,  and  are 
best  heard  between  the  scapulae  and  over  the  upper  part  of  the  sternum;  and  the  vesicular  murmur, 
which  is  heard  as  a  gentle  breeze  all  over  the  thorax. 

The  rima  glottidis  dilates  in  inspiration,  as  do  also  the  nostrils  when  respiration  is  hurried. — The  contrac- 
tion of  the  bronchial  tubes  is  believed  to  regulate,  in  accordance  with  the  supply  of  blood,  the  quantity 
of  air  that  the  different  parts  of  the  lungs  are  to  receive. 
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CHANGES  of  the  AIR  in  RESPIRATION. 


JEaypired  air  differs  from  inspired  air  in  three  respects  : — 
Its  temperature  is  radsed ; 
Its  degree  of  moisture  is  increased ; 
Its  chemical  covvposition  is  modified. 

Temperature  is  raised  to  nemly  that  of  the  Uood,  especially  in  slow  and  tranquil  iDreathing. 

Degree  of  Moisture. — Expired  air  is  nearly  saturated  with  watery  vapour. — The  quantity  of  water  thus 
excreted  increases  with  the  temperature  of  the  atmosphere,  and  decreases  as  the  atmospheric  moisture 
increases ;  it  averages  9  or  10  oz.  daily,  hut  may  vary  from  6  to  27  oz.    Some  of  this  water  is  probably 
formed  in  the  respiratory  process. 
ClieiXlical  Composition. — is  modified  by  the  subtraction  of  oxygen  and  by  the  addition  of  carbonic  acid,  of 
a  little  nitrogen,  and  of  va/rious  excretory  principles. — The  change  is  effected  by  the  process  of  moist  diffusion  ; 
the  diffusion  volumes  of  the  oxygen  and  carbonic  acid  are,  however,  modified  by  the  remarkable  affinity  of  the 
Uood  for  oxygen,  the  former  diffusion  volume  being  increased  and  the  latter  diminished. 
Oxygen. — 5  out  of  the  21  volumes  of  oxygen  are  abstracted  from  every  100  volumes  of  air.    From  i  to  i  of  this 
amount  does  not  reappear  in  the  carbonic  acid  expired,  but  remains  in  the  system  where  it  combines 
with  hydrogen  to  form  water,  and  with  the  sulphur  and  phosphorus  of  the  albuminoids  to  form  the 
acids  of  the  sulphates  &  phosphates  excreted  in  the  ui*ine.    The  amount  of  oxygen  consumed  daily 
determines  that  of  the  carbonic  acid  excreted,  and  is  similarly  influenced  by  the  same  under- 
mentioned causes.    It  averages  40,000  cubic  inches  in  a  strong  male  adult. 
Carbonic  Acid. — About  4  volumes  only  are  added  to  the  -04  volumes  already  contained  in  every  100  volumes 
of  air;  there  is  therefore  at  each  expiration  a  loss  of  1  per  cent,  of  tlie  air  inspired. 
It  is  calculated  that  on  an  average  32,000  cubic  inches  of  carbonic  acid,  containing  about  8  ounces  of  carbon, 
are  given  off  daily  through  the  lungs  by  a  strong  male  adult  of  the  average  size.    These  quantities  of 
carbonic  acid  &  carbon  are  subject,  however,  to  considerable  variations  due  to  the  following  causes. 

Age. — The  quantity  of  carbonic  acid  excreted  increases  up  to  30  years  of  age,  is  stationary  from 
30  to  40,  decreases  in  old  age. — It  is  largest  in  children  proportionally  to  the  weight  of  the  body. 

Sex. — In  females  the  quantity  of  carbonic  acid  excreted  is  less  after  the  eighth  year ;  it  remains 
stationary  durina  the  whole  period  of  menstruation,  increasing  temporarily,  hoAvever,  if  menstruation  be 
arrested  by  pregnancy  or  by  any  other  cause  ;  it  increases  for  a  time  when  menstruation  ceases, 
and  diminishes  again  in  old  age. 

Muscular  Exercise — Increases  the  quantity  of  carbonic  acid  exhaled  hy  i  until  an  hour  after  the 
exercise  has  been  relinquished  (Vierordt) ;  it  may  increase  it  tivo,  three,  or  fourfold  (E.  Smith).  The 
increase  depends  both  on  the  increased  amount  of  the  air  breathed,  and  on  an  increased  per-centage 
of  carbonic  acid  found  in  the  expired  air. — The  quantity  is  diminished  by  prolonged  exertion, 
occasioning  fatigue. 

Alimentation. — The  quantity  is  increased  by  good  living  Sf  after  meals,  especially  when  much 
nitrogenous  food  has  been  taken,  and  is  diminished  by  fasting. — Tea,  coffee,  cocoa,  pure  alcohol, 
produce  a  sudden  increase  ;  certain  liquors,  such  as  brandy,  whisky,  gin,  appear,  however,  to 
produce  the  reverse  effect  (E.  Smith). 

Temperature  &  Hygrombtric  State  of  the  Atmosphere. — The  quantity  is  greatest  in  winter  &  iE 
cold  climates,  and  in  damp  weather. 

Time  op  Day. — The  quantity  diminishes  in  the  evening,  &  is  least  at  midnight ;  it  increases  in  the 
morning  until  midday,  when  it  appears  to  be  as  1^  to  1  when  compared  to  what  it  is  at  midnight. 

Purity  op  Air  Eespired. — The  quantity  diminishes  rapidly  when  the  same  volume  of  air  is  breathed 
over  and  over  again,  the  gaseous  interchanges  in  the  lungs  entirely  ceasing  when  the  air  contains 
10  per  cent,  of  carbonic  acid,  by  which  time  it  has  lost  about  ^  its  normal  quantity  of  oxygen. 

Rapidity  of  the  Respiratory  Movements. — In  abnormally  hurried  breathing  the  quantity  increases 
absolutely,  but  it  decreases  relatively  to  the  amount  of  air  respired. 
Nitrogen. — A  minute  quantity,  about  -^^  or  -j-Iq  of  the  quantity  of  oxygen  consumed,  appears  to  be  given  off 
from  the  lungs.  The  source  of  this  small  excess  of  nitrogen  was  at  one  time  believed  to  be  the 
nitrogenous  elements  of  the  food  &  tissues,  a  part  of  which  elements  were  supposed  not  to  be 
excreted  with  the  urea,  uric  acid,  &  extractives  of  the  perspiration,  urine,  &  other  secretions,  but  to 
be  retained  in  the  body  until  completely  consumed  or  broken  up  by  the  respiratory  process  into 
their  simple  or  primitive  constituents.  All  the  nitrogen  of  the  food  now  appears,  however,  to  be 
accounted  for  in  the  excretions,  so  that  this  nitrogen  might  be  derived  simply  from  the  atmospheric 
air  which  is  swallowed  with  the  saliva,  the  food,  &  the  drink. — During  prolonged  fasting  a  minute 
quantity  of  nitrogen  appea/rs  to  be  absorbed. 

Various  excretory  principles. — Expired  air  contains,  in  minute  proportions,  several  of  the  principles  met 
with  in  the  secretions  of  the  shin  ^  kidneys,  such  as  chloride  of  sodium,  uric  acid,  urates  of  soda  & 
ammonia.  It  also  contains  a  nitrogenous  organic  compound,  very  prone  to  putrefy,  and  sometimes 
carbonate  &  hydrochlorate  of  ammonia  and  carburetted  hydrogen ;  various  odorous  substances 
may  be  derived  from  the  food  and  drink  that  are  consumed. 


CHANGES  of  the  BLOOD  in  RESPIRATION. 


Are  the  changes  in  colour  &  teowperahire,  and  in  the  j)rqp(i  'iions  of  the 
fibrin,  &  of  ,tlie  gases. 

Colour. — It  has  been  shown  loy  Hoppe-Seyler  &  Professor  Stokes,  by 
means  of  the  spectrum  analysis,  that  the  change  of  colour, 
which  takes  place  in  the  lungs,  from  the  dark  purple  of  venous 
hlood  to  the  bright  scarlet  of  arterial  blood,  and  the  reverse 
change,  which  takes  place  in  the  capillaries,  are  due  respectively 
to  the  oxidation  deoxidation  of  the  licemojlohin  or  cruorin  : — Dilute 
solutions  of  blood  when  examined  with  the  spectroscope  give  rise  to 
two  dark  lines  or  absorption  bands,  situated  in  the  green  and  yellow 
of  the  spectrum  between  the  Q  and  E  lines  of  Frauenhofer. 
When  a  reagent  capable  of  abstracting  oxygen,  such  as  protosul- 
phate  of  iron  or  protochloride  of  tin,  is  added,  the  solution  becomes 
darker  in  colour,  and  the  two  dark  lines  disappear  in  the  spectrum 
and  are  replaced  by  a  single  broader  band  occupying  an  intermediate 
position  between  them.  On  exposing  the  deoxidised  solution  to 
the  air  it  again  brightens  in  colour,  while,  in  the  spectrum,  the 
two  first  lines  reappear ;  the  alternate  change  may  be  repeated 
several  times.  The  hmmoglolin  or  cruorin  exists,  therefore,  in 
two  ^states  of  oxidation,  forming  in  the  one  case  the  ''purple 
hcemoglohin  or  cruorin,^'  in  the  other  the  "  sca/rlet  cruorin  or  oxy- 
TicBvioglohin."  Arterial  hlood  contains  more  of  the  sca/rlet  cruorin  and 
less  of  the  purple  than  venous  blood  ;  loth  hinds  of  hlood,  however, 
contain  normally  more  of  the  former  than  of  the  latter,  for  they  both 
give  rise  to  the  two  dark  lines  in  the  spectrum. 

Temperature. — The  Uood  in  the  left  side  of  the  heart  was  long 
believed  to  be  warmer  by  I*'  or  2°  than  that  in  the  right ;  it  is  now 
known  to  be  about  ^th  of  a  degree  cooler. 

The  Fibrin — is  increased  in  quantity  in  arterial  blood,  which,  there- 
fore, yields  a  firmer  clot  than  the  venous.  The  normal  proportion 
of  fibrin  may  be  doubled  in  rabbits  by  caiusing  them  to  breathe 
pure  oxygen. 

Tlie  Gases. — Fmows  SZoocZ  contains,  according  to  Magnus,  but  |  as 
much  oxygen  as,  and  5  or  i  more  carbonic  acid  than,  the  arterial. 


ASPHYXIA. -DEATH  by  DROWNING. 


Aspliyxia.  The  essential  symptomatic  cliaracters  of  asphyxia  are  the  loss  of 

muscular  power  and  consciousness,  and  the  cessation  of  the  respiratory  movements  & 
of  the  pulsations  of  the  heart.  Its  essential  pathological  character  is  the  accumu. 
lation  of  dark  blood  in  the  right  side  of  the  heart  and  in  the  venous  system  generally, 
which  blood  remains  fluid  for  a  long  time. 
The  mode-in  which  death  occurs,  though  remaining  essentially  the  same,  differs 
slightly  in  the  rapid  and  slower  forms.  In  both  cases  iliQ  first  morbid  process  is 
the  stagnation  of  Ike  blood  in  the  capillaries. 

In  the  slower  forms,  this  stagnation  first  takes  place  in,  or  first  shows 
itself  in,  the  systemic  capillaries.  The  arteries  and  the  left  side  of  the  heart 
then  become  distended,  and  the  heart  beats  with  greater  power  and  frequency  to 
overcome  the  resistance. 

In  the  rapid  form  the  stagnation  first  takes  place  in,  or  first  shows  itself  in, 
the  lungs.  The  heart  then  receives  but  little  arterial  blood  and  soon  no  arterial 
blood  at  all. 

Then,  on  the  one  hand,  the  pulmonary  artery,  the  right  side  of  the  heart  and 
the  venous  system  generally,  become  gorged  with  dark  venous  blood :  and  on  the 
other  hand,  the  nerve-centres,  the  muscular  system  genera.lly,  and  the  heart  itself, 
no  longer  receive  their  due  supply  of  arterial  blood,  and  they  gradually  cease  to 
perform  their  functions. 

Finally  the  arteries,  and  the  left  side  of  the  heart,  empty  themselves  into  the 
veins  and  into  the  right  side. 
In  cases  of  recovery  from  asphyxia  the  process  just  described  is  reversed :  On  the 
introduction  of  air  into  the  lungs  oxygen  is  once  more  absorbed  and  carbonic 
acid  given  off.  The  flow  of  blood  through  the  capillaries  of  the  lungs  is  then 
resumed  under  the  influence  of  the  pressure  of  the  blood  in  the  pulmonary 
artery  and  in  the  right  side  of  the  heart.  Thus  while  the  right  side  of  the  heart 
is  unloaded  and  relieved  the  left  side  again  receives  its  proper  stimulus.  The 
heart  then  resumes  its  action.  The  nerve-centres  and  the  muscular  system  are 
restored.  Respiratory  efforts  are  now  resumed,  and  consciousness  and  motor 
power  reappear. 

Drowning — is  asphyxia  with  an  additional  obstacle  to  recovery,  viz.,  the  partial 
filling  up  of  the  air  passages  with  water,  which  obstacle  prevents  the  reintroduc- 
tion  of  air  into  the  lungs  when  the  body  is  brought  to  shore. — Animals  die  much 
sooner  from  drowning  than  from,  simple  apncea.  In  the  experiments  recently  made 
by  the  Committee  of  the  Royal  Medico-Chirurgical  Society  it  was  found  that  the 
average  duration  of  the  respiratory  efforts  after  simply  plugging  the  trachea  was 
about  4  minutes  in  dogs  and  3  in  rabbits,  and  that  recovery  might  take  place 
after  deprivation  of  air  for  3  minutes  50  seconds  ;  immersion  in  water,  however, 
for  1%  minutes  was  usually  fatal. 

Ordinary  cases  of  submersion  in  man  are  nearly  ahmys  fatal  after  4  or  5  minutes, 
and  frequently  after  scarcely  1  minute.  Recoveries  have,  however,  taken  place  after 
\  of  an  hour,  and,  it  is  said,  even  after  \  an  hour ;  but  in  such  cases  it  is  probable 
that  syncopi  took  place  upon  falling  into  the  water.  Man  would  then  be  assimi- 
lated, with  respect  to  drowning,  to  a  hybernating  mammal  or  to  a  cold-blooded 
animal,  in  both  of  which,  the  nutritive  functions  being  less  active,  respiration 
may  be  suppressed  without  inconvenience  for  a  considerable  time ;  complete 
intoxication  might  produce  the  same  effect.  Animals  under  the  influence  of 
chloroform,  and  unable  to  make  any  violent  inspiratory  efforts,  can  resist  submer- 
sion for  a  considerable  time ;  so  can,  also,  newly  born  (Animals,  animals  whose 
temperature  has  been  lowered  by  several  degrees,  and  £.nimal8  in  which  the 
trachea  bas  been  plugged  before  they  have  been  immersed. 
Numerous  experiments  have  been  made  with  a  view  to  ascertain  the  best  mode  of 
treatment  in  the  case  of  drowned  and  asphyxiated  persona  :  inflation  of  the  lungs 
with  hot  air,  oxygen,  or  ozone,  injection  of  arterial  blocd,  hot  water,  or  vapour 
into  the  veins,  galvanism,  etc.,  may  temporarily  excite  the  action  of  the  heart  & 
of  the  respiratory  muscles,  but  they  all  fail  to  restore  life  when  the  circulation 
through  the  lungs  has  been  totally  arrested.  The  rulta  of  the  Royal  Humane 
Society  very  justly  recommend,  as  the  first  means  to  be  empGayed,  the  performance 
of  artificial  respiration  by  Dr.  Silvester's  method,  that  is  So  say,  by  alternately 
pressing  the  arms  against  the  sides  of  the  chest  and  then  raiSng  them  gently  above 
the  head  fifteen  times  per  mmwie,  while  the  patient  is  lying  oa  hie  back. 
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EFFECTS  of  OVERCROWDING,  and  of  BREATHING 

IMPURE  AIR 

Are  twofold,  and  are  respectively  due : 

1 .  To  the  insufficient  aeration  of  the  blood ; 

2.  To  the  consequent  imperfect  oxidation,  elinvination,  and  destruction,  and  to  the,  therefoffe,  inevitable 
accumulation,  both  in  the  blood  and  in  the  surrounding  atmosphere,  of  the  effete  organic  substancet  arising  from 
the  disintegration  of  the  tissues  of  the  body,  and  from  the  disintegration  of  the  absorbed  products  of  the 
alimentation. 


I.  Effects  of  the  insufficient  Aeration  of  the  Blood. — The  absorption  of  oxygen  8;  the  elimina- 
tion of  carbonic  acid  diminish  considerably,  and  morbid  symptoms  begin  to  appear,  when  the  air,  through 
being  previously  vitiated  by  respiration,  is  charged  with  carbonic  acid  even  to  the  apparently  slight 
extent  of  ^  per  cent,  or  3  parts  in  1,000  (Marshall).  When  the  air  contains  10  per  cent,  of  carbonic  acid,  in 
which  case  it  has  lost  about  J  its  normal  proportion  of  oxygen,  it  becomes  totally  irrespirable,  and  is 
immediately  fatal  to  man.— The  Black  Hole  of  Calcutta  was  a  room  18  feet  square,  having  two  small 
windows,  in  which  room,  in  1756,  146  prisoners  of  war  were  confined  during  one  night :  by  the  next 
morning  123  of  them  had  perished.  A  similar  occurrence,  in  which  70  out  of  150  passengers  perished, 
took  place  in  the  Irish  steamer  Londonderry  in  1848. 

The  morbid  symptoms  appear  to  be  due  not  only  to  the  insufficient  supply  of  oxygen,  but  also  to  the 
directly  poisonous  effects  of  carbonic  acid ;  animals  cannot  live  in  an  artificial  atmosphere  of  carbonic 
acid  and  oxygen,  in  which  the  latter  is  contained  in  the  proportion  of  21  parts  per  100,  as  it  is  in 
atmospheric  air.  After  one  bronchus  of  a  tortoise  had  been  tied  by  Eolando,  the  animal  continued, 
apparently  without  any  inconvenience,  to  breathe  with  the  lung  of  the  opposite  side ;  the  animal  soon 
died,  however,  when  pure  air  was  allowed  to  enter  one  lung,  and  carbonic  acid  the  other. 
It  is  not  enough  for  thti  purposes  of  life  &  health  that  a  room  be  supplied  once  for  all  with  the  quantity  of 
pure  air  that  its  inhabitants  can  consume  during  the  time  they  remain  therein;  for  the  diffusion  through 
the  mass  of  the  air  of  the  room  of  the  carbonic  acid  expired  and  the  general  diminution  in  the 
proportion  of  oxygen  which  would  take  place,  would  very  soon  interfere  with  the  due  aeration  of  the 
blood.  For  the  same  reason,  it  is  not  enough  either  that  minute  by  minute  there  should  be  withdrawn  from 
the  air  of  a  room  and  replaced  by  pure  air,  as  many  times  as  there  are  individuals  in  the  room,  the  volum^e  of 
from  400  to  500  cubic  inches  of  air  that  is  respired  by  each  individual  minute  by  minute.  From 
about  20  to  40  times  such  an  amount  of  air,  that  is  to  say,  from  4  to  10  cubic  feet  of  air  per  minute  (which 
latter  amount  would  yield  an  atmosphere  containing  about  15  parts  of  carbonic  acid  in  10,000),  are 
needed  for  each  person.  In  hospitals  double  that  quantity  is  required. — A  certain  amount  of  breathing 
space  ought  also  to  be  allowed.  The  general  practice  in  England  up  to  a  recent  date  was  to  allow  not 
less  than  800  cubic  feet  of  breathing  space  for  each  person;  but  in  Hospitals  1,200  cubic  feet,  at  least, 
ought  to  be  allowed  (Marshall). 


II.  Effects  of  the  imperfect  oxidation^  elimination,  and  destruction^  and  of  the 
inevitable  accumulation  both  in  the  blood  and  in  the  surroundiDg  atmosphere,  of 
the  effete  organic  substances  arising  from  the  disintegration  of  the  tissues  of  the 
body,  &  from  the  disintegration  of  the  absorbed  products  of  the  alimentation. — 

The  complete  oxidation  of  the  effete  products  of  organic  disintegration  transforms  them  into  carbonic 
acid,  water,  urea,  uric  acid,  and  other  extractive  matters,  which  are  all  easily  excreted  through  the  lungs, 
skin,  and  kidneys.  Their  imperfect  oxidation  transforms  them  into  those  nume^-ous  but  still  imperfect!}'- 
known  off'ensive  products,  Avhich  Liebig  compares  to  the  soot  or  lamp-black  of  an  ill-burning  furnace  or 
lamp. 

These  products  accumulate  in  the  atmosphere  of  crowded  cities,  and,  doubtless,  a,lso  in  the  blood :  the  proportion 
of  animal  matter  in  the  air  is  in  the  town  of  Manchester  1  grain  in  8,000  cubic  inches,  and  on  the  hills 
above,  1  grain  in  200,000  (Dr.  Ang.  Smith).  Hence,  in  addition  to  a  depressing  influence  over  the  functions 
of  the  body  generally,  that  peculiar  liability  to  the  zymotic  diseases  under  which  labour  the  poor  of  our 
large  towns,  and  also  the  unfortunate  inmates  of  barracks,  hospitals,  workhouses,  etc.,  where  modern 
sanitary  improvements  have  not  yet  been  introduced. 
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RESPIRATION. 


I.-THE  I^ESPIRATORY  CENTRE. 

II-PSPIRATORY  &  VASO-MOTORIAL  UNDULATIONS  OF  THE 

BLOOD-PRESSURE  CURVE. 

11L-/SPHYXIA. 

(Presiipposes  a  knowledge  of  the  Functions  of  the  Medulla  Oblongata.) 
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THE  RESPIRATORY  CENTRE. 


I8  its  Rhythmic  Action  reflex,  or  is  it  Automatic? 

It  is  essentially  automatic  ;  for,  on  the  one  hand,  the  facial  &  laryngeal  muscles  continue  to 
dilate  rhythmically  both  the  nostrils  &  the  glottis  when  all  sensory  impressions  (save  those  that 
may  reach  the  medulla  through  the  cranial  nerves)  are  cut  off  through  division  of  the  cord  just 
below  the  medulla ;  and,  on  the  other  hand,  division  of  all  the  cranial  nerves,  the  pneumogastrica 
included,  in  no  way  arrests  respiration.  But  it  is  influenced  reflexly  by  sensory  impressions  con- 
tinually  ascending  from  the  lungs  through  the  pneumogastrica. 

What  keeps  up  this  Rhythmic  Automatic jAction^P 

The  continuous  dearterialisation  of  the  blood. 

The  more  venous  (or  the  less  arterial)  is  the  blood,  the  more  active  is  the  respiratory 
centre.  -  Venous  blood  "  augments  the  natural  explosive  decompositions  of  the  nerve-cells  of  the 
respiratory  centre,  which  give  rise  to  respiratory  impulses"  (Michael  Foster).  It  quickens 
(slightly)  their  rhythm,  and  greatly  increases  their  power,  till  ceasing  to  "  confine  themselves  to 
their  usual  tracts,  they  overflow  into  others"  (M.  Foster),  i.  (?.,  excite  to  action,  not  only  the 
ordinary  inspiratory  muscles,  but  also  the  extraordinary  ones. 

The  more  arterial  is  the  blood,  the  less  active  is  the  respiratory  centre.  If  for  a  few 
seconds  we  breathe  more  rapidly  and  more  forcibly  than  usual  (as  divers  do  before  they  plunge), 
we  may  'keep  our  breath'  for  a  whole  minute  or  more.  If  too  vigorously  carried  on,  artificial 
respiration  soon  induces  apncea,  i.  e.y  a  condition  in  which  the  animal  does  not  breathe  at  all  for 
a  while,  and  the  respiratory  muscles  are  not  only  relaxed,  but  are  unable  to  contract  upon  stimu- 
lation of  the  vagus.  In  apnoea,  the  haemoglobin  of  the  lilood  is  saturated,  or  nearly  saturated, 
with  oxygen,  and  the  want  of  breathing  is  not  felt.  Respiratory  movements  recommence,  very 
gently  at  first,  as  the  blood  returns  little  by  little  to  its  ordinary  condition. 

How  is  the  Respiratory  Centre  influenced  Reflexly  P 

It  is  influenced  by  accelerating  fibres  which  are  continually  at  work,  and  by  inhibitory- 
fibres  whose  action  is  accidental. 

The  more  important  accelerating  fibres  run  in  the  course  of  the  pneumogastric  nerves : 
Irritation  of  the  central  end  of  the  divided  pneumogastric  accelerates  the  respiratory  movements  ; 
and,  if  the  irritation  is  suSiciently  powerful,  the  respiratory  rhythm  may  be  so  accelerated  that 
at  last  the  diaphragm  is  thrown  into  a  condition  of  prolonged  tetanus,  and  respiration  is  brought 
to  a  standstill  in  the  extreme  inspiratory  phase.  -  Simple  division  of  the  pneumogasfcrics 
slackens  the  respiratory  rhythm,  but  renders  the  respiratory  movements  proportionately  deeper 
&  fuller :  what  is  lost  in  one  direction  is  gained  in  the  other,  so  that  the  nerve  may  be  said  to 
modify  merely  the  distribution  of  the  respiratory  impulses  in  time, — normally,  in  the  direction 
of  greater  frequency  coupled  with  diminished  energy, — when  divided,  in  the  direction  of 
diminished  frequency  coupled  with  increased  enei'gy. 

Inhibitory  fibres  run  in  the  course  of  the  superior  laryngeal  nerves.  Irritation  of  one  of 
these  nerves  slackens  the  respiratory  movementg,  and,  if  sufficiently  powerful,  may  bring  them 
to  a  standstill  in  the  expiratory  phase;  division  of  the  nerve  is,  however,  without  any  marked 
effect  on  respiration.  -  A  few  inhibitory  fibres  run  also  in  the  course  of  pneumogastrics  :  when 
the  nerve  is  exhausted,  its  stimulation  may  retard  or  arrest  the  respiratory  movements. 

The  inhibitory  influences  may  be  supposed  to  increase,  and  the  accelerating  influences  to 
diminish,  the  obstacle  opposed  by  the  centre  to  the  discharge  of  respiratory  impulses.  Increas- 
ing the  obstacle,  the  former  increase  also  the  amount  of  energy  that  must  be  accumulated  before 
the  discharge  can  take  place,  and  also,  finally,  the  amount  of  energy  discharged,  i.  e.y  the  force 
of  the  impulse.  The  latter,  diminishing  the  obstacle,  diminish  also  the  amount  of  energy  to  be 
accumulated  before  the  discharge,  and  therefore  the  energy  of  the  discharge,  i.  e.^  the  force  of 
the  impulse. 

tis  it  want  of^Oxygen,  or  excess  of  Carbonic  Acid  that  causes  Dyspnoea  P 

It  is  want  of  oxygen.  Excess  of  carbonic  acid  (there  being  no  deficiency  of  oxygen)  acta  as 
a  narcotic  poison,  inducing  drowsiness  &  coma,  not  dyspnoea.  Eespiration  of  a  mixture  of  one 
part  of  hydrogen  &  four  of  nitrogen  induces  dyspnoea  immediately,  though  the  exit  of  carbonic 
acid  by  diffusion  is  no  wise  impeded. 

Does  the  Dearterialised  blood  act  Directly  on  the  Medulla  P 

Yes.  For  suppresion  of  the  circulation  throuiprtihemedulla  (B  ligature  of  the  vessels  of 
the  neck)  induces  dyspnoea  at  once.  So  does  also  the  artificial  warming  of  the  blood  in  the 
•arotid  artery. 
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BESPIBATOBY  &  VASO-MOTOBIAL  UNDULATIONS  of 

the  BLOOD-PBESSUBE  CUBVE. 

(A  note  to  "Force  of  the  Blood  in  the  Artbries.") 

These  tindalations  have  a  regular  period,  and  their  period  is  isoclironoua  to,  though  not 
exactly  synchronous  with,  that  of  the  respiratory  movements,  the  former  period  being  somewhat 
in  advance  of  the  latter  :  The  arterial  pressure  is  at  its  lowest  just  after  the  commencement  of 
inspiration;  it  rises  during  the  remainder  &  greater  part  of  the  inspiratory  movement  and 
during  the  commencement  of  expiration,  when  it  reaches  its  highest ;  it  falls  again  during  the 
remainder  &  greater  part  of  expiration,  and  during  the  commencement  of  inspiration. 

Normal  Respiratoiy  Undul^^^^ 

These  are  the  mediate  or  indirect  result  of  the  variations  of  the  intra-thoracio  pressure. 

The  direct  or  immediate  result  of  inspiration  is  to  diminish  the  pressure  both  in  the  arteries 
&  in  the  veins ;  and  the  direct  or  immediate  result  of  expiration  is  to  increase  it. 

The  mediate,  indirect,  or  final  result  is  just  the  reverse.    This  happens  as  follows 

The  immediate  result  is  most  marked  in  the  veins,  whose  walls  are  thinner  than  those  of 
the  arteries,  and  whose  internal  pressure  is  less.  Hence  a  marked  diminution  of  pressure  in  the 
veins  during  inspiration,  a  rush  of  blood  to  the  heart,  a  heavier  stroke  of  latter,  and  increased 
distension  of  the  arteries,  i.  increased  pressure.  -  This  result  takes  some  little  time  to  develop 
itself,  as  above  stated. 

The  pulse-rate  is  quickened  during  the  rise  of  the  undulation,  and  slackened  during  its  fall. 
This  is  due  to  the  cardio-inhibitory  centre  being  stimulated  during  the  fall  (probably  in  conse- 
quence of  the  previous  rise),  for  if  the  vagi  be  divided  on  both  sides,  the  variations  in  tho 
pulse-rate  are  done  awa/  with  without  any  change  in  the  undulations. 

Vaso-motorial  Undulations.  —  Traube's  Curves. 

The  vaso-motorial  undulations  are  most  clearly  observed  under  two  distinct  circumstances, 
i.  e.f  when  artificial  respiration  is  substituted  for  normal  respiration,  and  when  all  respiratory 
movements,  both  natural  &  artificial,  have  been  stopped  for  a  while.  They  are  due  to  stimulation 
of  the  vaso-motor  centre  by  the  venous  character  of  the  blood. 

During  artificial  respiration,  the  conditions  of  intra-thoracic  pressure  are  reversed :  Tho 
intra-thoracic  pressure  is  increased  when  air  is  blown  into  the  lungs,  and  diminished  when  it  is 
allowed  to  escape.  Curves  similar  in  character  to  the  foregoing,  though  less  ample,  are  never- 
theless observed  under  these  altered  conditions.  They  are  still  observed  even  when  the  chest  is 
opened,  the  heart  removed  from  the  thorax,  and  an  artificial  circulation  carried  on  by  means 
of  a  pump. 

When  all  respiratory  movements  cease  (the  animal  being  under  urari,  or  its  thorax  being 
opened  and  artificial  respiration  being  stopped),  the  blood-pressure  rises  steadily  for  a  while,  the 
blood-pressure  curve  presenting  an  uninterrupted  ascent;  but  soon  new  curves,  the  so-called 
Traube's  curves  appeal',  large  &  sweeping  in  character.  That  both  this  rise  and  these  new 
curves  are  due  mainly,  if  not  entirely,  to  stimulation  of  the  vaso-motor  centre,  and  to  the  conse- 
quent contraction  of  the  small  arteries,  is  shown  by  the  fact  that  both  phenomena  are  all  but 
entirely  suppressed  when  the  spinal  cord  is  divided  just  below  the  medulla. 

If  respiration  is  not  speedily  resumed,  both  the  vaso-motor  centre  and  the  heart  become 
exhausted  through  the  increasing  venosity  of  the  blood.  The  undulations  then  disappear,  and  the 
blood-pressure  again  falls. 

The  rhythmic  action  of  the  vaso-motor  centre  is  partly  the  result  of  rhythmic  stimulation, 
and  partly  the  result  of  its  own  rhythmic  automatism.  Thia  is  shown  by  tho  fact  that,  wJien 
Traube's  curves  occur,  all  rhythmic  stimulation  has  ceased. 

Vaso-motorial  undulations  probably  complicate  the  respiratory  undulations  above  described. 
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The  Three  Stages. 

Asphyxia  by  sudden  occlusion  of  the  trachea  runs  its  course  in  3  or  4  minutes  in  the  rabhifc, 
in  4  or  5  in  the  dog.    This  course  may  be  divided  into  three  stages,  as  follows  :- 

1st  Stage  :  -  Dyspnoea  or  Hyferpncea.  -  Lasts  nearly  a  minute,  and  passes  gradually  into 
the  second  stage.  At  first,  both  inspiration  &  expiration  rapidly  increase  in  frequency,  vigour, 
&  the  number  of  muscles  called  into  play.  The  expiratory  movements,  however,  soon  become 
more  marked  than  the  inspiratory;  and  they  predominate  more  &  more. 

2nd  Stage  :  -  Expiratory  Convulsions  -  Eather  shorter  than  the  foregoing ;  passes  ahnipHy 
into  the  third  stage  early  in  the  second  minute.  The  violent  expiratory  movements  above 
mentioned  culminate  in  expiratoiy  convulsions,  the  order  and  sequence  of  which  become  more  & 
more  obscured  by  their  increasing  violence  &  extent.  These  convulsions  are  due  to  stimulation 
of  the  expiratory  portion  of  the  respiratory  centre  sometimes  called  the  *  convulsive '  centre,  for 
they  fail  to  appear  when  the  cord  is  divided  just  below  the  medulla.* 

3rd  Stage  :  -  Exhaustion;  Inspiratory  Convulsions;  Collapse.  -  OccAapies  the  remainder 
of  the  time.  Calm  suddenly  follows  the  convulsions;  for  a  time  all  movements  cease;  the  muscles 
are^  relaxed  &  flaccid ;  the  pupils  are  dilated  &  unaffected  by  light ;  irritation  of  the  cornea 
induces  no  winking. 

Inspiratory  efforts  now  reappear,  and  become  gradually  more  extended, — gasps  deep  & 
slow,  followed  by  gentle  expirations, — but  also  gradually  weaker  &  separated  by  intervals  which 
gradually  lengthen.  Mouth  widely  open,  nostrils  dilated,  face  drawn,  head  thrown  back, 
extended  limbs  &  trunk,  etc.,  mark  the  few  last  efferts,  each  of  which  seemed  final. 

*  They  may  be  induced  artificially  by  tying  the  carotids ;  similar  anrcraic  convulsions  semetimes  occur  after 
great  loss  of  blood. 


The  Vascular  Phenomena. 

The  blood-pressure  rises  rapidly  during  the  two  first  stages,  and  attains  a  height  far  above 
the  normal.  The  heart-beats  are  at  first  somewhat  quickened ;  but  they  soon  become  slower, 
while  at  the  same  time  they  acquire  considerable  force  :  the  pulse-curves  are  therefore  very  bold. 
During  the  third  stage  the  arterial  pressure  falls  rapidly  and  becomes  less  during  inspiration 
than  during  expiration,  and  the  heart's  action  is  greatly  weakened.  The  beats  continue,  however, 
a  fcAV  seconds  aft«r  the  respiratory  movements  have  ceased. 


Explanation  of  the  Vascular  Phenomena. 

The  rise  of  the  blood  pressure  during  the  first  &  second  stages  is  due  to  the  contraction  of 
the  small  arteries,  and  also,  perhaps,  at  least  at  the  very  first,  to  the  increased  action  of  the 
heart  induced  by  the  first  exaggerated  respirations  (inspirations).  This  contraction  of  the  small 
artei'ies  is  due  to  stimulation  of  the  vaso-motor  centre  by  the  venous  character  of  the  blood,  and 
perhaps  also  to  some  extent,  to  direct  stimulation  either  of  the  peripheral  vaso-motor 
mechanisms  or  of  the  muscular  arterial  coats. 

The  first  exaggerated  respirations  (inspirations)  explain  the  eai'ly  acceleration  of  the  licart's 
action.  The  continued  exaggerated  respirations  (inspirations)  explain  the  subsequent  retarda- 
tion :  distension  of  the  cavities  of  the  heart  was  first  favourable  to  the  heart's  action,  but,  when 
pushed  too  far,  it  becomes  injurious;  this  is  shown  by  the  fact  that  the  heart- beats  frequently 
recommence  for  a  time  when  the  distended  veins  are  pricked  &  are  thus  partly  emptied.  Tlie 
retardation  of  the  heart's  action  is  further  attributable  to  stimulation  of  the  cardio-inhibitory 
centre  contained  in  the  medulla :  division  of  the  vagi  renders  the  retardation  less  pronounced. 
This  stimulation  of  the  cardio-inhibitory  centre  further  explains  the  increased  energy  of  the 
beats,  which  at  first  accompanied  their  retardation  :  the  longer  it  takes  to  generate  the  impulse, 
the  stronger  the  impulse  must  be.  ' 

The  fall  of  the  arterial  pressure  during  the  third  stage  is  due  to  several  causes  :  to  stimu- 
lation of  the  cardio-inhibitory  centre,  to  exhaustion  of  the  muscular  fibres  of  the  heart  through 
deficiency  of  arterial  blood  and  over-distension,  and,  towards  the  close,  to  dilatation  of  the 
arteries  through  exhaustion  of  the  vaso-motor  centre.  The  fall  of  the  pressure  during  each 
inspiration  is  the  necessary  result  of  the  non-compensation,  by  the  usual  increased  cardiac  action, 
of  the  general  diminution  of  intra-thoracic  pressure  which  is  the  immediate  result  of  the 
thoracic  enlargement. 


16 


( 


ANIMAL  HEAT. 


28 


ANIMAL  HEAT. 


The  prodtiction  of  animal  heat  is  a  universal  function  throughout  the  entire  animal 
kingdom,  and  animals  have  been  divided  according  to  their  usual  temperature 
into  warm-blooded — mammalia  &  birds  ;  and  cold-blooded — fishes,  amphibia, 
reptiles,  and  the  invertebrata. 

The  temperature  of  warm-blooded  animals  is  relatively  high,  and,  though  different 
in  the  various  species,  is  very  nearly  the  same  in  each  species  under  all  normal 
conditions  of  life  it  being  almost  independent,  within  the  limits  of  the  climateric 
variations,  of  the  temperature  of  the  surrounding  medium. 

The  temperature  of  cold-blooded  animals  is  relatively  low,  and  varies  with,  and 
nearly  to  the  same  extent  as,  that  of  the  surrounding  medium,,  being,  howevei, 
in  all  usual  circumstances,  higher  than  that  of  the  medium  by  a  certain  number 
of  degrees,  which  number  is  the  same  in  all  animals  of  the  same  species. 

The  second  of  the  two  correlative  terms  above  used— "  warm-blooded  "  &  "cold- 
blooded"— is,  therefore,  in  one  sense  incorrect.  So  is  also,  in  another  sense,  the 
second  of  the  two  designations  more  recently  proposed  by  Bergman,  viz. 
"animals  of  constant  temperature"  &  "animals  of  variable  temperature;"  for 
though  the  temperature  of  the  latter  varies  absolutely,  its  surplus  over  and 
above  that  of  the  surrounding  medium,  which  surplus  is  due  to  individual  pro- 
duction of  heat,  is  relatively  invariable.  The  two  correlative  terms  the  Author 
would  propose  are  those  of  "  Animals  of  high  <L-  completely  individual  temperature''* 
and  "Animals  of  incompletely  individual  &  usually  low  temperature." 

Average  Animal  Temperatures, 

Temperature  of  Warm-blooded.  Animals,  or  Animals  of  Constant 
Temperature,  or  of  High  &  Completely  Individual  Temperature. 
Birds  . .    . .    100^  to  108^,  or  even  111°  in  the  small  species  ; 
Mammalia      97°  to  104°. 

Surplus  of  Temperature  over  &  above  that  of  the  surrounding  medium  in 
Cold-blooded  Animals,  or  Animals  of   Variable  Temperature,  or  of 
Incompletely  Individual  &  usually  Low  Temperature. 
Reptiles       .    7°  to  ; 

Amphibia  . .    \°  to  \\°  in  sumimer,  and  2°  to  3°  in  winter  ; 

Fishes  usually  \°  to  1'',  sometimes  2"  to  3°,  in  the  tunny  &  bonito,  18°. 


Average  Temperature  of  the  Different  Parts  of  the 
Human  Body. 


Average  Temperature  of  the  Blood,  loo«  to  102«>,— in  the  peripheral  parts  of 
the  body  the  blood  in  the  veins  is  cooler  than  that  in  the  arteries  by  1°  in  the  deep 
veins,  by  several  degrees  in  the  superficial  ones  ;  in  the  deep  or  central  parts  of 
the  body  the  difference  is  usually  but  slight.  The  blood  in  the  renal  veina  if. 
however,  considerably  warmer  than  that  in  the  renal  arteries,  and  the  blood  in 
the  hepatic  veins  is  not  only  warmer  than  that  in  the  portal  vein,  but  it  is 
warmer  by  1°  than  that  in  the  aorta  (Bernard)  ;  the  blood  in  the  right  side  of 
the  heart,  is  l-5</i"  warmer  than  that  in  the  left. 

Average  Temperature  of  the  Organs  &  Tissues,  98"  to  100°.— It  is  always 
lower  than  that  of  the  blood,  and  varies  according  to  vascularity,  distance 
from  central  parts,  proximity  to  the  surface,  and  degree  of  exposure  : 
Temperature  of  the  Abdomen  (taken  in  the  bladder)    102°  ; 


Thorax   


r  Rather  lower  on  account  of 
•  •"  "t.  the  heat  lost  by  expired  air. 


Rectum  

Mouth  (under  the  tongue) 

Axilla   

Hands  &  feet  


lOit"; 
98°; 
96°  ; 
90°. 


CONDITIONS  WHICH  MODIFY  the  TEMPER- 
ATURE of  the  BODY. 


The  temperattire  of  the  body  iB,  within  very  narrow  limits  however. 
Elevated  by  external  heat,  exercise  dk  good  living  ; 
Depressed  by  cold,  inaction  cfc  bad  fare  ; 
Variously  influenced  by  time  of  day,  age,  sex,  &  disease. 

ExternSlL  temperature. — The  extreme,  eUmateric  variations,  though  they 
range  from— 70°  in  the  arctic  to  +130°  in  the  tropical  regions,  do  not  influence  the 
temperature  of  man  to  the  extent  of  more  than  3°  or  4°,  provided  he  have,  on  the 
one  hand,  command  over  food  &  raiment,  and  provided  he  can,  on  the  other  hand, 
protect  himself  against  the  direct  rays  of  the  sun.  This  stability  of  the  bodily 
temperature  is  due,  in  the  one  case,  to  the  power  of  producing  a  greater  amount  of 
heat  by  an  increased  activity  of  the  respiratory  functions,  and  by  a  greater 
consumption  of  calorifacient  food,  and,  in  the  other,  to  the  loss  of  a  great  amount 
of  heat  by  the  continual  evaporation  of  the  profuse  perspiration,  with  which,  in  hot 
climates,  the  skin  is  constantly  moistened.  All  warm-blooded  animals  also 
possess,  but  to  a  less  and  variable  extent,  the  power  of  maintaining  their  normal 
temperature  in  very  different  latitudes  and  under  great  variations  of  external 
temperature. 

This  power  of  maintaining  a  uniform  temperature  has,  however,  its  limits,  and 
the  experiments  of  Magendie  &  others  have  shown  that  animals  die  rapidly  when 
submitted  to  degrees  of  heat  or  cold  capable  of  raising  their  temperature  about  9°  or 
10°,  or  of  lowering  it  about  20°. — Large  bodies  of  troops,  and  even  whole  armies 
have  thus  been  "frozen  to  death,"  especially  when  overcome  by  fatigue,  or  when 
ill-fed,  ill-clad  &  ill.protected. — The  contact  of  excessively  hot  dry  air  can  however 
he  borne  by  man  for  short  periods :  Sir  Ch.  Blagden  &  others  have  supported  for  a 
few  minutes  temperatures  of  198°,  211°,  260°,  284°,  and  a  man  named  Chabert  has 
penetrated  into  ovens  heated  to  from  400°  to  600° ;  when  however  the  air  is  moist, 
so  as  to  prevent  evaporation  from  the  surface  of  the  6kin,  a  temperature  of  120" 
very  soon  becomes  unbearable.  ^ 

Exercise. — Prolonged  muscular  action  elevates  by  one  or  two  deerr-es  the  tern, 
perature  of  the  contracting  muscle.  Exercise,  however,  elevates  but  slightly  the 
general  temperature  of  the  body,  but  it  may,  by  quickening  the  circulation,  raise  by 
several  degrees  the  lowered  temperature  of  the  extremities. — Inaction  produces 
the  contrary  effect,  and  during  sleep  the  temperature  falls  1°  or  2°. 

Food  .—Good  living  keeps  up  a  high  bodily  temperature,  but  the  immediate  effect  ol 
a  fuU  meal  is  to  lower  the  temperature  a  little.— Stimulants  produce  a  slight 
immediate  rise  in  the  temperature. — Bad  fare  depresses  the  temperature,  and 
diminishes  the  power  of  resisting  cold. 

Time  of  Day. — The  temperature  is  highest  in  the  morning,  varies  slightly  dnr. 
Ing  the  day,  falls  in  the  evening,  and  is  lowest  towards  midnight. 

Age — Modifies  the  temperature  but  slightly ;  the  temperature  of  children  is,  how. 
ever,  about  1°  higher,  and  that  of  the  aged  a  trifle  lower,  than  that  of  the  adnlt. 
But  the  power  of  the  very  young  and  of  the  aged  to  resist  the  action  of  cold  is 
much  less  than  that  of  the  adult. 

Sex. — Its  influence  is  very  trifling  indeed,  and  it  has  frequently  been  denied.  It 
is  believed,  however,  that  the  average  temperattire  of  the  female  is  a  tritip  lower 
than  that  of  the  male. 

IDisease — influences  the  temperatTrre  of  the  body  more  than  any  other  cause 
the  temperature  rises  considerably  in  all  febrile  affections  and  often  reaches  106* 
or  107°  in  scarlatina  &  typhus,  &  sometimes  111°,   It  is  depressed  in  cases  of 
syncope  &  apparent  death,  in  the  morbus  cceruiews  or  blue  disease,  and  in  cholera,  In 
the  stage  of  collapse  of  which  latter  disease  it  is  often  lowered  to  77"  or  79o» 
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THE  SOURCE  of  ANIMAL  HEAT. 


The  French  chemist  Lavoisier,  the  discoverer  of  the  composition  of  air,  propounded  the  first  scientific 
theory  of  the  production  of  animal  heat,  which  is  the  chemical  theory  now  universally  received. 

Before  Lavoisier,  the  production  of  animal  heat  was  referred  to  the  various  movements  which  take  place  in  the  body 
&  to  the  consequent  stretchings  4"  recoilings  of  the  several  tissues,  to  friction  generally,  and  in  particular  to 
the  friction  of  the  blood  against  the  walls  of  the  blood-vessels,  and  to  the  influence  of  the  nervous  system 
Sf  of  the  so-called  vital  force. 

The  theory  of  Lavoisier,  though  received  in  its  main  traits,  must  however  be  corrected  or  supplemented 
in  two  points  :  t-he  union  of  oxygen  with  carbon  &  hydrogen  does  not  take  place  solely,  or  even  princi- 
pally, in  the  lungs ;  and  the  nervous  system,  though  its  action  cannot  now  be  considered  as  the  primary 
source  of  animal  heat,  governs  the  chemical  changes  upon  which  the  production  of  animal  heat  depends, 
and  thus  modifies  the  production  of  heat  both  locally  and  generally. 

The  chemical  theory  of  animal  heat,  as  it  now  stands,  is  that  the  oxygen  taken  into  the  Hood  at  the  lungs 
combines  in  the  circulatory  system,  and  more  particularly  in  the  capillaries,  with  the  carbon  and  hydrogen,  and 
also  with  the  small  amount  of  sulphur  and  phosphorus,  both  of  the  disintegrated  tissues  Sf  of  those  elements 
of  the  food,  termed  calorifacient,  which  are  not,  or  which  are  but  partially,  transformed  into  tissue  ;  and 
that  such  combination,  or  combustion,  is  the  real  &  true  source  of  the  heat  of  the  body. 

That  such  combination  does  take  place  appears  evident  from  the  facts  that  an  average-sized  male  adult 
absorbs  daily  about  40,000  cubic  inches  of  oxygen,  and  excretes  in  the  same  time  by  his  lungs,  skin,  & 
kidneys,  about  32,000  cubic  inches  of  carbonic  acid  gas  &  from  75  to  95  ounces  of  water,  of  the  disposal  of  which 
oxygen,  and  of  the  origin  of  ivhich  carbonic  acid  ^  of  no  less  than  3  or  4  ounces  of  which  water,  no  account  can 
he  given,  if  it  be  not  admitted  that  such  combination  takes  place,  and  that  the  above-mentioned  quantity  of 
carbonic  acid  &  the  three  or  four  surplus  ounces  of  water  are  the  products  thereof. 

That  such  combination,  or  respiratory  combustion,  as  it  is  now  termed,  is  the  source  of  animal  lieat  is  ren- 
dered more  than  probable  by  the  fact  that  the  direct  combination  with  the  above-mentioned  quantity  of  oxygen, 
of  the  quantities  of  carbon  Sf  hydrogen  necessary  to  produce  the  above-mentioned  quantity  of  carbonic  acid  Sf  the 
above-mentioned  surplus  of  water  would  give  off  very  nearly  the  quantity  of  heat  generated  in  the  body  in  24 
hours ; — and  by  the  fact  that  the  whole  amount  of  caloric  generated  in  the  body  can  be  accounted  for 
by  taking  into  consideration  the  heat  evolved  by  the  combustion  of  the  sulphur  and  phosphorus  (to  which 
combustion  is  due  a  part  of  the  acids  of  the  sulphates  and  phosphates  excreted  in  the  urine)  and  a  few 
additional  sources  of  heat,  such  as  the  heat  produced  by  those  imperfect  or  incomplete  combustions  which 
give  rise  to  the  formation  of  urea,  uric  acid,  and  the  various  extractive  matters  found  in  the  urine  ana 
other  secretions,  and  also  by  taking  into  consideration  the  fact  that  more  heat  is  produced  by  the  com- 
bustion of  certain  alimentary  compounds  than  would  be  produced  by  the  separate  combustion  of  their 
component  parts. 

The  experiments,  upon  the  results  of  which  the  above  assertions  are  based,  were  begun  by  Lavoisier  by 
means  of  his  ice  calorimeter,  continued  by  Dulong  &  Despretz,  and  completed  by  the  experiments  of 
Liebig  and  by  those  of  Fabre  &  Silbermann  upon  the  combustion  heats  of  carbon  &  hydrogen. — Lavoisier 
overlooked  the  combustion  of  hydrogen,  taking  into  account  the  combustion  of  carbon  only  ;  he  thus 
explained  the  production  of  but  |th,  of  the  heat  evolved  in  the  body. — Dulong  &  Despretz  took  into 
account  the  combvistion  of  both  carbon  &  hydrogen,  but  they  underestimated  the  combustion -heats  of 
carbon  and  hydrogen ;  they  thus  explained  the  production  of  T%ths  or  ^^ths  of  the  heat  evolved  in  the 
body.  Liebig  arrived  at  the  above-mentioned  results  by  repeating  the  experiments  of  Dulong  & 
Despretz,  and  by  using  in  his  calculations  the  more  accurate  numbers  given  by  Fabre  &  Silbermann  to 
represent  the  combustion  heats  of  carbon  &  hydrogen. 

Collateral  evidence  in  support  of  the  chemical  theory  of  anim.al  heat  is  derived  from  the  observation  of  the  different 
physiological  habits  Sf  corresponding  average  temperatures  both  of  animals  Sf  of  man,  thus  : 

1.  The  division  of  the  animal  kingdom  into  ivarm  and  cold-blooded  animals,  or  into  animals  of  constant 
&  animals  of  variable  temperature,  corresponds  to  the  relative  activity  or  inactivity  of  the  nutritive  & 
respiratory  functions,  and  to  the  amount,  relatively  great  in  the  one  case,  very  small  in  the  other,  of 
carbonic  acid  given  off  through  the  respiratory  organs ; 

2.  The  mean  temperature  of  the  different  classes  of  warm-blooded  animals,  and  the  mean  surplus  of 
temperature  over  Sf  above  the  temperature  of  the  surrounding  medium  observable  in  cold  blooded  animals, 
correspond  likewise  to  the  greater  or  less  activity  of  the  above  mentioned  functions  :  the  temperature  of 
birds  is  higher  than  that  of  the  mammalia;  that  of  reptiles  is  higher,  under  similar  climateric  conditions, 
than  that  of  the  amphibia,  the  temperature  of  which  latter  is  higher  than  that  of  fishes  &  and  of  the 
invertebrata ; 

3.  In  warm-blooded  animals  the  production  of  heat,  and  the  activity  of  the  nutritive  respiratory 
functions,  are  similarly  affected  by  the  various  conditions  of  age,  sex,  alimentation,  muscular  activity^ 
external  temperature  or  season,  time  of  day  &  purity  of  inspired  air,  both  being  increased  to  a  maximum  in 
young  well  fed,  active  males,  during  cold  &  dry  days  &  seasons  and  in  open  air,  and  both  being  reduced 
to  a  minimum  by  the  contrary  conditions  and  during  sleep  and  hibernation  ; 

4.  The  temperature  of  any  one  part  of  one  of  the  higher  animal  organisms,  and  the  temperature  of  tb.e  blood 
in  the  same,  is  greatly  dependent  upon  the  activity  of  the  chemical  processes  of  which  such  part  is  the 
Seat :  the  highest  temperature  observable  in  the  mammalia  occurs  in  the  liver  and  in  the  hepatic  veins. 


INFLUENCE  of  the  NERVOUS  SYSTEM  over 
the  PRODUCTION  of  ANIMAL  HEAT. 


The  action  of  the  nervous  system  with  regard  to  the  production  of  heat  is  reduced 
under  ordinary  circumstances  to  the  governing  influence  it  exerts  over  the  action 
of  the  heart,  and  over  the  arterial  circulation  by  vaso.motor  reflex  action,  and  to  its 
consequent  indirect  influence  over  the  chemical  processes  of  nutrition. 

That  the  vaso-motor  nerves  of  the  sympathetic  system  govern  the  arterial  circulation 
and,  among  other  processes,  the  heat-producing  process,  is  superabundantly  proved 
by  the  results  of  the  division  of  the  cord  of  the  sympathetic  in  the  neck,  or  those  of  the 
removal  of  the  superior  cervical  ganglion :  the  corresponding  side  of  the  face  then 
becomes  greatly  congested,  and  its  temperature  rises  by  several  degrees ;  irritation 
of  the  peripheral  portion  of  the  sympathetic  causes  the  part  to  resume  its  normal 
appearance  &  temperature  (Bernard) . 

That  such  influence  is  exerted  hy  reflex  action,  and  also  that  such  reflex  action  has  an 
especial  bilateral  character,  is  proved  by  the  following  facts— viz.,  when  a  freezing 
mixture  is  applied  to  the  ulnar  nerve  at  the  elhoio,  the  temperature  of  the  two  inner 
fingers,  which  momentarily  falls,  subsequently  rises  by  several  degrees  ;  if  one 
hand,  or  the  extremity  of  the  wing  of  a  bat,  be  immersed  in  the  same  mixture  the 
temperature  of  the  other  hand,  or  of  the  corresponding  point  of  the  other  wing, 
will  be  lowered  at  the  same  time  as  that  of  the  immersed  part,  no  change  of  tern, 
perature  taking  place  elsewhere  (Brown-Sequard). 

The  temperature  of  a  limb  falls  therefore  after  the  division  of  its  nerves,  or  of  the  pos- 
terior roots  of  the  same,  on  account,  probably,  of  the  then  suppressed  centripetal 
conveyance  of  the  sensory  impressions  by  which  dilatation  of  the  arteries  is 
called  for :  paralysed  limbs  are  known  to  be  cold. 

Division  of  the  nerves  of  a  limb  close  to  their  exit  from  the  intervertebral  foramina, 
produces,  however,  the  contrary  effect,  on  account  of  the  simultaneous  division  of 
the  sympathetic  fibres,  which  have  just  joined  the  nerve  from  the  neighbouring 
ganglion  (Bernard). 

The  administration  of  narcotics,  shock,  severe  injury  to  the  nerve-centres,  occasion  a 
general  fall  of  the  temperature  of  the  body  on  account  of  the  above  sensory  impres- 
sions being  no  longer  perceived  by  the  nerve-centres  &  on  account  of  their  being 
no  longer  reflected  upon  the  vaso.motor  nerves. — Severe  injury  to,  or  division  of, 
the  spinal  cord  appears  however  to  produce  a  temporary  elevation  of  the  temperature 
of  the  parts  below  ;  so  does  also  the  section  of  the  anterior  roots  of  the  spinal 
nerves  (Bernard). 
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POOD  —  1st  Tablet. 


Food  is  any  Enbstance,  wliicli,  taken  into  the  system  by  the  alimentary  canal,  becomes  subser- 
vient to  either  or  both  of  the  two  following  purposes,  viz.,  on  the  one  hand  the  ntitrition 
of  the  tissues  and  the  supply  of  materials  for  the  various  secretions  ;  on  the  other  hand  the  production 
of  heat     the  maintenance  of  the  vital  forces. 

Food  must  consist  of  organic  substances,  that  is  to  say  of  substances  having  formed  part  of  a  living 
organism  and  containing  several  proximate  oi'ganic  principles,  various  complex  chemical  compounds^ 
water  saline  7?iafters.  —  Chemically  pure  proximate  organic  principles,  whether  taken  sepa- 
rately or  together,  cannot  be  looked  upon  as  normal  food,  and  have  even  been  considered  of 
late  years  to  be  incapable,  when  taken  separately,  of  maintaining  life  (Liebig,  Lehmann)  ; 
which  latter  belief  is  however  unfounded  as  regards  the  nitrogenous  proximate  organic  prin- 
ciples (Savory). 

The  various  articles  of  food  are  mainly  subservient  to  the  one  or  the  other  of  the  two  above  men- 
tioned purposes,  according  to  their  containing  a  large  amount  of  mVr<?om  or  a  large  amount 
of  carboji  or  of  carbon  hydrogen^  and  may  consequently  be  divided  into  nutritive  or  plastic^  and 
calorifacient  or  respiratory. 

Animal  food  in  general  contains  an  abundance,  and  vegetable  food  a  relatively  small  amount^  of  nitrogen. 
In  the  usual  mixed  diet  of  man  the  former  is  therefore  principally  ^/a.y/zi:,  the  latter  principally 
calorifacient. 

The  proximate  organic  principles  of  animal  &  vegetable  diets  are  however  the  same,  the  only 
difference  between  the  two  diets  lying  in  the  different  proportion  in  which  they  contain  the 
nitrogenous  &  the  non -nitrogenous  proximate  organic  principles. 


THE  PROXIMATE  ORGANIC  PRINCIPLES  of  FOOD. 

The  nitrogenous  proximate  organic  principles  constitute,  chemically  speaking,  a  very  homo- 
geneous  group,  and  may  be  termed  collectively  the  albtiminoid principles;  they  contain 
the  four  essential  constituents  of  organic  matter,  carbon,  hydrogen,  oxygen  &  nitrogen. 
The  most  important  are  albumen^  fibrin,  syntonin,  casein,  gelatin,  derived  from  the 
animal,  and  glztten  &  legumin  derived  from  the  vegetable  kingdom. 

Th^  non-nitrogenous  proximate  organic  principles  contain  but  carbon,  hydrogen  &  oxygen. 
They  form,  chemically  speaking,  two  groups,  that  of  the  amylaceous  &  that  of  the 
oleaginous  principles. — The  most  important  of  the  proximate  organic  principles  of  the 
amylaceous  gioup  are  starch,  sugar,  alcohol,  &  their  allies.  The  oleaginous  proximate 
organic  principles  are  olein,  stearin,  margarin,  &  the  vegetable  oils.  —  The  richest  > 
of  the  non-nitrogenous  proximate  organic  principles  both  in  carbon  &  hydrogen,  and  * 
consequently  the  most  highly  calorifacient  are  the  fats  &  the  alcohols. 

The  non-nitrogenous  proximate  organic  principles,  when  taken  alone,  cannot  maintain  life; 
dogs  fed  exclusively  on  either  gum,  sugar  or  oil  (with  water)  emaciate  rapidly,  and 
die  on  an  average  about  the  30th  day,  presenting  the  appearances  produced  by  starva- 
tion (Magendie).  Geese  similarly  fed  live  but  from  sixteen  to  twenty  days,  and  lose 
from  one-sixth  to  one-eighth  of  their  weight  (Tiedemann,  Gmeliii). 

The  nitrogenous  proximate  organic  principles,  when  taken  alone,  have  also  been  believed 
of  late  years  to  be  incapable  of  maintaining  life  (Leibig,  Lehmann)  :  A  goose  fed  with 
whites  of  eggs  died  on  the  forty-sixth  day,  dogs  fed  exclusively  on  either  albumen, 
fibrin  or  gelatin  did  not  live  much  longer  (Tiedemann,  Gmelin);  when  fed  however  on 
the  three  substances  combined,  so  as  to  prevent  loathing  &  disgust,  they  lived  as  long 
as  three  months.  —  Eecently  animals  have  been  made  to  live  for  a  considerable  time 
in  apparent  health,  on  purely  albuminoid  substances  (Savory).  Their  temperature 
remained  unchanged.  The  nitrogenous  or  plastic  proximate  organic  principles 
are  therefore  calorifacient  also,  at  least  when  the  non-nitrogenous  are  wanting.  Are 
they  calorifacient  by  being  first  transformed  in  part  into  a  non-nitrogenous  ternary  com- 
pound, or  is  it  the  direct  combustion  of  the  tissues,  which  they  form,  that  gives  rise  to 
the  formation  of  heat  ?  Both  views  are  probably  correct.  ^ 
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POOD  —  2nd  Tablet 


WHAT,  and  HOW  MUCH  REQUIRED. 


To  maintain  both  life  dr'  health  the  food  must  contain  both  nitrogenous  6^  non-nitrogenom 
proximate  organic  principles,  and  must  contain  the  former  irt  quantity  sufficient  to  cotii' 
pensate  for  the  waste  of  the  tissues  and  the  latter  in  quantity  sufficient  to  generate  enough 
heat  to  maintain  the  normal  temperature  of  the  body  ;  -  in  other  terms  the  food  must  cor. 
respond  to  the  excreta  both  in  quality  &  quantity.  —  It  is  indifferent  what  these  proxi- 
mate organic  principles  be,  and  whether  they  be  derived  from  the  animal  or  from 
the  vegetable  kingdom. 

A  strong  man  excretes  daily  in  temperate  climates  about  10  oz.  of  carbon  and  rather  more 
than  \  oz.  of  nitrogen. 

Now  bread  contains  about  per  cent,  of  carbon  and  i  per  cent  of  nitrogen,  and  meat  about  10 
per  cent,  of  carbon  and  a  little  more  than  3  per  cent,  of  nitrogen.  To  obtain  the  necessary 
amount  of  nitrogen  from  bread  alone  a  man  would  have  to  eat  about  ^  pounds  of  bread 
a  day,  and  would  then  be  taking  twice  the  quantity  of  carbon  he  requires  ;  to  obtain  the 
necessary  amount  of  carbon  from  meat  alone  a  man  would  have  to  eat  about  6  pounds 
of  meat  a  day,  and  would  then  be  taking  about  six  times  as  much  nitrogen  as  he  requires* 
A  combination  of  bread  &  meat  would  therefore  be  advantageous  ;  thus 

Bread   2  lbs.,  and 

Meat   12  oz. 

would  supply  the  necessary  quantity  of  carbon  &  hydrogen  (Beolard). 
Fatty  matters  being  added  to  the  diet,  the  proportion  of  bread  may  be  diminished  j  thus  a 
very  fair  diet  is  the  following : 

Bread   \\  lbs. 

Butter   \  lb. 

Meat    1  lb.  (Dalton). 

Playfair  recommends  a  little  more  farinaceous  food  and  a  little  less  fat.  —  In  both 
diets  a  little  more  meat  is  prescribed  than  appears  to  be  needful  for  the  majority  of 
individuals. 

In  cold  climates  more  food,  and  more  of  the  more  highly  calorifacient  food,  is  required, 
and  fats  (S^  alcohols  are  much  sought  for.  The  inhabitants  of  hot  climates  are  on  the 
contrary  abstemious,  and  live  principally  on  vegetable  diet. 

In  actual  practice,  however,  much  must  depend  on  the  taste  6^  digestive  powers  of  the  indi- 
vidual, and  frequent  changes  of  diet  are  required  to  prevent  loathing  &  disgust, 
A  regular  supply  of  fresh  vegetables  is  also  necessary  to  avoid  the  development 
of  scurvy. 

These  laws  of  alimentation  are  carried  out  in,  and  are  admirably  illustrated  by,  the  composition 
of  ?nilk,  the  typical  food  prepared  by  nature  for  the  young  of  the  mammalia,  and  of 
the  yelk  &  the  albumen  of  eggs,  the  first  source  from  which  nutriment  is  derived  for  the 
embryos  of  the  ovipara. 

Milk  contains: 

Water    ...   9.10ths; 

Solids   l-lOth,  of  which  so- 

Sugar  forms  abozit    1-half  j  D^^s 

Casein   l-Srdj 

Butter        ...       ...       ...       ...       ...  l-4thj 

Salts  1.50th. 

Eggs  contain  : 

Water   4-5ths ; 

Solids   1.5th,  of  which  solid* 

Oil  (principally  in  the  yelk)  forms  about  1-half  j 
Albumen  (equally  in  yelk  &  white)  ...  1-halfj 
Salts   .,.  1.20th, 
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THE  SALIVA 


Is  ehar  colourless  &  alkaline  wlien  collected  pure  by  means  of  a  fistula  from  one  of  the  larger  glands ; 

it  is  thin  &  watery  when  collected  from  the  parotid  gland,  thick  &  viscid  when  collected  from  the 
submaxillary  or  the  sublingual  Its  average  density  is  from  1002  to  1009 ;  its  temperature  is  V* 
or  2°  higher  than  that  of  the  blood,  -  The  thick  c!ir»  frothy  fluid  usually  found  in  the  mouth  is  a 
mixture  of  saliva  &  mucus;  during  the  intervals  of  meals,  when  the  mucus  predominates,  this 
fluid  ceases  to  be  alkaline,  and  sometimes  it  even  becomes  acid. 

Saliva  contains  994  parts  of  water  per  1000,  sarcode-like  bodies  endowed  with  the  power  of  spon. 
taneous  movement,  epithelial-cells,  mucus,  fatty  matters,  salts,  -  among  which  is  a  little  sulpho- 
cyanide  of  potassium,  which  strikes  a  deep  red  colour  with  a  persalt  of  iron,  -  also  an  azotised 
substance,  salivin  or  ptyalin,  to  which  the  chemical  properties  of  saliva  are  principally  due. 

The  purposes  served  by  saliva  are : 

A.  Mechanical  -  It  keeps  the  mouth  in  a  due  condition  of  moisture,  and  dissolves  sapid 
substances,  which  are  thus  rendered  perceptible  to  the  taste.  The  fluid  saliva  from  the  parotid 
on  being  mixed  with  the  food  during  mastication  transforms  it  into  a  soft  pulpy  mass  ;  this  mass 
becomes  coated  with  a  layer  of  the  more  viscid  fluid  secreted  by  the  submaxillary  <Sr»  sublingual 
glands,  and  is  then  easily  swallowed. 

B.  Chemical  -  It  transforms  starch  first  into  dextrin,  &  then  into  grape-suga* ,  which  latter 
is  soluble,  capable  of  being  absorbed:  on  being  mixed  with  saliva,  starch  paste  soon  ceases 
to  produce  its  characteristic  blue  colour  when  iodine  is  added,  or  it  becomes  colourless  if  pre- 
viously coloured ;  if  boiled  with  an  alkaline  solution  of  tartrate  of  copper,  it  now  throws  down 
the  reddish  precipitate  of  the  oxide.  This  transformation  takes  place /ari!'/>/ /^i?  w^7m/>^  and 
partly  in  the  stomach,  where,  however,  it  is  probably  retarded  by  the  acidity  of  the  gastric  juice ; 
it  is  subsequently  resumed  in  the  small  intestine  under  the  influence  of  the  pancreatii;  juice  & 
perhaps  also  of  tbe  intestinal  fluid.  It  is  especially  the  mixed  saliva  found  in  the  mouth  at  meal 
times,  and  also  the  saliva  from  the  parotid  gland,  that  have  the  power  of  thus  acting  upon 
starch.  -  The  saliva  acts  catalytically,  i.e.,  by  mere  presence,  and  its  influence  upon  starch  is  of  a 
continuous  nature  resembling  that  of  a  ferment :  an  extremely  small  proportion  of  ptyalin  will 
convert  into  sugar  an  almost  indefinite  quantity  of  starch,  2000  times  its  own  weight  (Mialhe). 

No  other  substance,  except  pancreatic  juice,  and  perhaps  also  the  intestinal  fluid,  is  capable 
of  transforming  starch  into  dextrin  &  grape-sugar  with  anything  like  the  same  rapidity  as 
saliva;  the  same  transformation  is  however  efiected,  but  much  more  slowly,  by  most  azotized 
substances  in  a  state  of  incipient  decomposition. 

Saliva  has  little  or  no  action  either  -on  the  oleaginous,  or  on  the  albuminoid  constituents 
of  the  food. 

The  saliva  is  secreted  most  abundantly  during  meals,  and  when  food  is  directly  introduced  into  the  stomach 
through  a  gastric  fistula.  Mental  stimuli  resulting  from  the  sight  or  thought  of  luscious  food, 
the  presence  in  the  blood  of  mercurial  salts,  mastication,  etc.,  will  also  accelerate  the  flow  of 
saliva.  -  The  quantity  of  saliva  usually  secreted  during  the  twenty  four  hours  may  be  estimated, 
on  an  average,  at  from  \to^  lbs.,  the  quantity  increasing  with  the  degree  of  hardness  &  dryness 
of  the  food. 

The  degree  of  secretory  activity  of  the  salivary  glands  corresponds  with  their  vascular  condition 
for  the  time  being,  though  it  is  not  solely  dependent  upon  this  one  condition:  the  glands 
when  at  rest  are  but  slightly  vascular,  and  the  small  amount  of  venous  blood  returning  from  them 
is  dark ;  when  they  are  in  a  state  of  activity,  their  vessels  are  distended  by  an  abundant  flow  of 
blood,  and,  in  the  veins,  the  blood  is  scarlet  and  the  current  pulsatory. 

The  salivary  secretion  is  governed  therefore,  at  least  to  a  great  extent,  by  vaso-motor  reflex  action^ 
the  afferent  nerves  being  the  gustatory  &  the  glossopharyngeal,  and  the  motor  influence  being 
derived  from  the  facial,  and  being  conveyed  to  the  submaxillary  &  sublingual  glands  through 
the  chorda  tympani  &  the  efierent  branches  of  the  submaxillary  ganglion,  and  conveyed  pro- 
bably, to  the  parotid,  through  the  otic  ganglion  &  the  auriculo-temporal  nerve :  -  division  of  the 
chorda  ty??tpani  or  of  the  facial  nerve  greatly  diminishes  salivary  secretion ;  irritation  oi 
distal  end  of  the  divided  nerve  again  excites  it;  removal  of  the  submaxillary  ganglion  entirely  arrests 
jV  (Bernard).  The  action  of  the  jrj)/»z/fl/>^^^zV  nerve  appears  to  be  the  reverse  of  the  foregoing: 
division  of  the  sympathetic  in  the  neck  (where  alone  it  can  well  be  efiected)  or  removal  of  the 
superior  cervical  ganglion,  produces  among  other  results,  an  increase  of  the  vascular  &  secretory 
activity  of  the  salivary  glands ;  irritation  of  the  same  nerve  diminishes  both  and  renders  the  secre- 
tion thick  &  scanty,  and  rich  in  the  above  mentioned  sarcode-like  bodies.  -  It  must  be  added  however 
^hat  either  the  cerebrospinal  or  the  sympathetic  nerves,  or  both,  exercise  probably  some  additional 
&  direct  influence  upon  the  gland-cells  themselves  (V.  physiology  of  the  sympathetic). 
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DEGLUTITION,  or  the  ACT  of  SWALLOWING 


May  be  divided  into  three  parts  or  acts,  which  take  place  respectively  in  the  mouth,  the  pharynx^ 
&  the  oesophagus.  The  first  act  alone  is  under  the  control  of  the  will ;  the  two  others  take 
place  by  an  incontrollable  reflex  action. 

First  Act  -  The  masticated  morsel  glides  backwards  between  the  tongue  &  the  hard  palate, 
the  tongue  being  pressed  against  the  hard  palate  successively  from  tip  to  base. 

Second  Act  -  The  hyoid  bone,  which  is  the  connecting  link  between  the  larynx,  the  pharynx 

the  tongue,  is  suddenly  raised  by  its  elevator  muscles;  the  stylo-  and  palato-glossi  & 
-pharyngei  acting  at  the  same  time  directly  upon  the  tongue  &  the  pharynx.  The 
three  organs  are  therefore  elevated :  the  pharynx  is  raised  vertically ;  the  tongue^ 
especially  its  base,  is  drawn  upwards  &  backwards ;  the  larynx  is  drawn  upwards 
&  forwards.  -  In  consequence  of  the  displacement  of  the  two  latter  organs,  the  epi- 
glottis is  pressed  against  the  base  of  the  tongue,  and  is  inclined  over  the  superior 
aperture  of  the  larynx. 

At  the  same  time  the  soft  palate  is  tensed  in  its  upper  part  by  its  tensors  &  raised  in  its 
lower  &  cenCral  part  by  its  levators,  and  its  pillars  are  drawn  together  by  the  action  of 
the  palato-glossi  &  -pharyngei,  the  upper  or  respiratory  part  of  the  pharynx  being 
thus  shut  off  from  the  lower  or  alimentary  part. 

By  this  mechanism  :  - 

1.  The  morsel  is  propelled  into  the  pharynx. 

2.  It  is  precluded  fro7?i  entering  the  larynx.  -  It  will  be  observed  that  the  superior 
aperture  of  the  larynx  being  protected  by  its  being  brought  forwards  under  the  base 
of  the  tongue,  the  lowering  of  the  epiglottis  over  it  is  to  a  certain  extent  unnecessary. 
As  an  additional  protection,  however,  not  only  does  the  epiglottis  cover  over  the 
aperture  of  the  larynx  during  the  second  act  of  deglutition,  but,  in  the  interior  of  the 
larynx,  the  glottis  itself  also  closes  at  the  same  moment. 

3.  The  morsel  is  p7-evented  frofn  ascending  towards  the  Eustachian  tubes  the  pos- 
terior apertures  of  the  nares. 

The  contracted  muscles  now  relax.  The  pharynx  immediately  resuming  its  previous  posi- 
tion, the  morsel  of  food  is  quickly  carried  downwards  towards  the  oesophagus ;  it  is 
also  hurried  on  by  the  action  of  the  constrictors  of  the  pharynx  which  contract  be- 
hind it. 

'Third  Act -The  food  is  carried  through  the  oesophagus  by  '(iWQ  peristaltic  action  of  the  latter. 
This  consists  in  the  successive  contraction  of  the  longitudinal  fibres  around  the 
morsel  of  food  and  of  the  circular  fibres  behind  it.  Both  actions  combine  to  cause 
progression,  the  one,  by  drawing  over  the  morsel  the  portion  of  the  tube  into  which, 
it  has  not  yet  penetrated,  the  other  by  propelling  the  morsel  onwards. 


THE  GASTEIC  JUICE 

Is  cleaTi  viscid^  amher-colouredi  acid^  nearly  inodorous,  &  of  a  specific  gravity  of  from  1002  to  1005. 

It  contains  994  parts  of  water  per  1,000,  alkaline  dr»  earthy  chlorides  &  phosphates^  and  an  azotised  snb- 
atance  called  pepsin^  to  which  latter,  conjointly  with  a  free  acid,  its  physiological  properties  are 
principally  due.  -  It  is  still  a  debated  point  whether  this  free  acid  is  lactic  acid,  as  is  maintained 
by  Chevrenil,  Lehmann,  Bernard  &  others,  or  whether  only  a  small  part  of  it  is  lactic  acid,  <2r*  the 
remainder  hydrochloric  acid,  as  is  generally  believed  by  english  physiologists  :  -  hydrochloric 
acid  is  the  acid  obtained  from  gastric  juice  by  distillation ;  that  is  however  but  an  insufficient 
proof  that  this  hydrochloric  acid  is  the  free  acid  of  the  gastric  juice,  for  were  the  free  acid  lactic 
acid,  hydrochloric  acid  would  nevertheless  pass  over  among  the  products  of  distillation,  since 
the  lactic  acid,  when  heated,  decomposes  the  chlorides  &  sets  the  hydrochloric  acid  free. 
Professor  Graham  was  able  to  separate  by  his  method  of  liquid  diffasion  a  considerable  proper- 
tion  of  hydrochloric  acid  &  a  small  proportion  only  of  lactic  acid  from  a  fluid,  apparently 
gastric  juice,  vomited  in  large  quantities  in  a  case  of  sarcina  ventriculi.  Other  acids,  such  as 
acetic  &  butyric  acids,  are  also  found  in  the  stomach  during  digestion. 

The  acid  is  formed  in  the  most  superficial  layers  of  the  mucous  membrane,  the  pepsin  in  the  cells  of  the 
peptic  follicles;  and  the  two  are  mingled  together  only  when  discharged  into  the  stomach:  -  when 
lactate  of  iron  &  ferrocyanide  of  potassium  are  injected  separately  into  the  jugular  vein,  no  dis- 
coloration  takes  place  in  the  tissues  &  fluids  generally  on  account  of  their  alkalinity,  but  on 
the  surface  of  the  mucous  membrane,  and  on  the  surface  alone,  the  blue  tint  of  the  ferrocyanide 
of  iron  rapidly  appears  (Bernard);  -  when  the  stomach  has  been  thoroughly  cleansed  by 
careful  washing  till  no  trace  of  acidity  remains,  a  fresh  supply  of  pepsin,  no  longer  acid  but 
neutral,  may  still  be  obtained  by  further  maceration. 

The  quantity  of  gastric  juice  secreted  daily  varies  probably  from  1.20th  to  l^ISth  or  l-lOth  of  the 
weight  of  the  body,  or  in  man  from  10  to  20,  and  sotnetimes  SOlds.  It  is  only  when  food  or  some 
foreign  substance  is  introduced  into  the  stomach  that  the  gastric  juice  is  secreted,  the  mucous 
membrane  becoming  at  the  same  time  reddened  &  turgid;  the  mucous  membrane,  when  at 
rest,  is  pale,  and  its  secretion  is  alkaline. 

The  process  is  doubtless  governed  by  vaso-motor  reflex  action,  but  it  is  in  no  wise  clearly  made  out 
what  are  the  respective  influences  upon  it,  of  the  pneumogastric  &  sympathetic  nerves.  Divi- 
sion of  the  pneumogastrics  in  the  neck  puts  a  stop  to  digestion  (Bernard),  the  process,  however, 
being  subsequently  restored  (Reid)  ;  the  suspension  of  the  process  being  due  either  to  the 
paralysis  of  the  muscular  fibres  of  the  stomach  (Longet),  or  to  the  disturbance  of  the  respira- 
tory function  through  the  suppressed  action  of  the  pulmonary  branches  of  the  pneumogastric 
(Budge).  Irritation  of  the  sympathetic  stops  the  secretion,  says  Bernard;  the  division  of  the 
splanchnic  nei-ves  &  the  removal  of  the  sejnilunar  ganglia  by  Budge,  Schifi"  &  othei-s  produced 
however  but  little  or  no  effect. 

The  gastric  juice  softens,  reduces  into  pulp  and  finally  dissolves  the  albuminoid  pj-inciples  of  the  food  trans- 
forming them,  first  into  a  series  of  intermediate  &  variable  products  termed  para-,  meta-,  & 
dyspeptones,  &  a,  b,  c,  peptones  (Meissner),  and  transforming  them  finally  into  one  definite 
product,  the  true  albuminose  or  peptone.  This  latter  has  the  same  chemical  coinposition  as  white  of 
egg,  and  is  very  nearly  identical,  from  whatever  albuninoid  substance  it  be  derived.  It  is 
soluble  in  all  proportions  in  water,  very  diffusible,  and  it  rotates  the  plane  of  polarized  light  to  the 
left.  It  is  no  longer  coagidable  by  nitric  acid  or  by  heat,  though  still  precipitable  by  metallic  salts, 
strong  alcohol  &  tannic  acid,  -  The  para-,  meta-,  &  dyspeptones  &  a,  b,  c,  peptones  differ  from 
each  other  &  from  the  definite  or  true  peptone  mainly  in  their  relative  solubility  in  neutral  & 
acid  solutions,  and  in  their  precipitability  by  nitric  acid  &  by  ferrocyanide  of  potassium. 

Gelatin  &  gelatin-yielding  tissues  are  acted  upon  but  slowly  by  the  gastric  juice,  and  the 
•fluid  resulting  from  their  solution  retains  for  some  time  its  power  of  solidifying.  Gastric  juice 
has  little  or  no  action  on  either  the  amylaceous  or  the  oleaginous  constituents  of  the  food. 

These  statements  are  proved  by  the  observation  of  artificial  digestions,  conducted  either  by  means  of 
gastric  juice  obtained  through  a  gastric  flstula,  or  conducted  by  means  of  an  artificial  diges- 
tive  fluid,  which  may  be  prepared  by  macerating  in  water  a  portion  of  the  mucous  membrane 
of  the  stomach  of  a  pig  or  of  the  rennet-bag  of  a  calf,  sheep,  or  ox,  and  then  adding  a  little 
hydrochloric  acid ;  it  is  also  proved  by  the  results  of  natural  digestion  both  in  the  stomach  of 
animals  killed  a  short  time  after  a  meal,  &  in  that  of  patients  afflicted  with  an  accidental  gas- 
tric fistula.  -  The  sto?nach  does  not  digest  itself  on  account  of  its  walls  being  saturated  with  the 
alkaline  salts  of  the  blood  circulating  in  its  capillaries :  -  if  its  arteries  are  tied,  the  stomach  is 
soon  destroyed  (Pavy),  as  it  is  after  death  when  death  occurs  during  the  digestive  process. 

Certain  conditions  are  necessary  to  the  action  of  the  gastric  juice  or  to  that  of  the  artificial  digestive  fluids: 
the  acidity  of  the  fliud  must  not  be  neutralised  or  the  fluid  must  be  re^idered  acid ;  the  temperature 
must  be  above  40*=*  or  50*^  and  below  120'*.  A  te?nperature  of  about  100'',  the  division  cb^  softness  of 
the  nitrogenous  substance,  and  its  frequent  agitation  considerably  assist  the  action.  ^ 

The  gastric  juice  acts  catalytic  ally,  i.e.,  by  mere  presence ;  its  action  diff"ers  however  from  that  of  a 
ferment  in  its  not  being  indefinitely  continued,  in  its  not  requiring  the  presence  of  oxygen,  and 
in  its  not  causing  the  evolution  of  carbonic  acid.  -  The  change  eff"ected  in  albuminoids  by  the 
gastric  juice  consists,  according  to  some,  in  their  becoming  combined  with  water ;  metamor- 
phoses analogous  to  those  effected  in  (iigestion  maybe  produced  by  prolonged  boiling  in  water. 
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DIGESTION  in  the  STOMACH  or  GASTEIC  DIGESTION. 


From  one  to  two  hours  after  a  meal  the  contents  of  the  stomach  are  found  transformed  into 
chyme,  which  is  a  thick  pultaceous,  grumons  substance  of  a  strong  disagreeable  acid  taste 
&  odour,  variable  in  colour  according  to  the  nature  of  the  food  taken,  often  coloured  by  the 
admixture  of  bile. 

Chyme  contains :  - 

1.  The  nitrogenous  or  albuminous  principles  of  food  partly  dissolved,  that  is  to  say 
transformed  into  albuminose  or  peptone,  partly  reduced  to  a  pulpy  state  only,  and  forming 
in  that  condition  the  greater  portion  of  the  chyme.  -  The  gastric  juice  meets  in  the  stomach 
with  the  conditions  the  most  favourable  to  its  action,  a  temperature  of  about  100  F.,  the 
state  of  division  &  softness,  and  the  constant  agitation  of  the  substance  upon  which  it  has  to 
act ;  to  which  favourable  conditions  may  be  added  the  repeated  removal  of  those  portions 
of  food  that  have  been  acted  upon,  by  which  removal  the  remainder  of  the  food  is  brought 
into  closer  contact  with  the  solvent  fluid.  The  transformation  of  the  food  into  chyme  &  its 
dissolution  take  place  therefore  much  more  rapidly  in  natural  digestion  than  in  the  artifi- 
cial digestions  as  they  are  usually  conducted. 

2.  Starch  &  amylaceous  principles  with  a  little  dextrin  &  grape-sugar,  the  two  latter 
being  the  result  of  the  action  of  the  saliva  upon  the  former,  which  action  begins  in  the 
mouth  &  is  probably  carried  on  also  to  some  extent  in  the  stomach.  A  small  portion  of  the 
grape-sugar  appears  to  be  further  transformed  into  lactic  acid.  It  is  only  in  the  small 
intestine,  however,  that  the  mass  of  the  amylaceous  food  is  digested,  that  is  to  say  rendered 
soluble  in  the  form  of  grape-sugar,  and  made  capable  of  being  absorbed. 

3.  Oleaginous  principles  in  a  fluid  condition  &  in  a  state  of  considerable  division,  but 
otherwise  unchanged.  The  state  of  division  of  the  oleaginous  principles  is  due  to  their 
being  set  free  gradually  from  the  areolar  &  other  tissues  in  which  they  are  contained,  by 
the  solvent  action  of  the  gastric  juice  on  the  latter,  and  also,  probably,  to  the  mechanical 
action  of  the  walls  of  the  stomach  upon  its  fluid  contents. 

4.  Insoluble  substances  not  capable  of  being  digested.  These  are  animal  &  vegetable. 
Some  animal  substances  &  structures,  dense,  hard  and  but  slightly  vascular,  are  acted  upon 
very  slowly,  and,  during  the  time  of  a  normal  digestion,  but  very  imperfectly  by  the  gastric 
juice ;  such  are  cartilage,  fibro-cartilage,  the  white  fibrous  &  yellow  elastic  fibrous  tissues, 
the  walls  of  the  blood  vessels,  the  skin  &  mucous  membranes,  etc.  Such  rather  exceptional 
parts  of  food  are  not  digested  in  the  stomach,  nor,  usually,  in  the  intestine  either,  and, 
being  but  slightly  modified,  pass  out  with  the  foeces. 

The  gastric  juice  has  no  special  solvent  action  on  the  imon-nitrogenous  principles, 
which  form  so  large  a  part  of  vegetable  substances.  These  latter  with  the  above  men- 
tioned insoluble  or  scarcely  soluble  animal  substances,  pass  early  from  the  stomach  into 
the  intestine.  They  are  no  longer  found  in  any  quantity  in  the  stomach  when  the  greater 
mass  of  the  nitrogenous  parts  of  the  food  are  still  contained  therein,  and  are  the  first  to 
make  their  appearance  at  an  abnormal  opening,  such  as  an  artificial  anus .  Some  of  the 
parts  of  vegetables,  such  as  the  walls  of  the  sap-vessels,  the  spiral  vessels,  the  cell  mem- 
branes, and  lignin  generally,  are  equally  insoluble,  even  in  the  small  intestine,  with  the  ani- 
mal substances  &  structures  above  mentioned.  This  opens  up  a  view  of  the  digestibility  of 
the  various  articles  of  food  diflferent  from  that  taken  by  Dr.  Beaumont. 
Liquids  &  dissolved  substances  are  immediately  absorbed  by  the  stomach  &  also  by  the  intes- 
tine, into  which  they  pass  rapidly.    Alcoholic  drinks  appear  to  give  off  a  little  acetic  acid. 
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THE  AGENTS  of  the  INTESTINAL  DIGESTION. 


THE  BILS  -  Greatly  assists  the  pancreatic  juice  in  emulcifying  the  fatty  portions  of  the  food,  and 
facilitatt,  their  absorption  through  the  coats  of  the  intestine :  -  The  ligature  of  the  oomraon  bile 
duct  immediately  transforms  the  white  milky  contents  of  the  intestinal  lacteals  after  a 
meal  into  an  almost  transparent  fluid  containing  but  about  \  the  normal  quantity  of  fat 
globules.  Animals  soon  die  after  the  operation  on  account  of  the  reabsoi7)fcion  or  non- 
elimination  of  some  of  the  principles  of  the  bile.  The  more  satisfactory  operation  of  estab- 
lishing a  biliary  fistula  allows  of  a  more  prolonged  experiment,  the  animal  dying  but 
slowly  and  from  the  consequences  of  insuflFicient  nutrition  only ;  a  large  proportion  of  fat 
is  then  continually  found  iu  the  foeces.  —  Bile  has  no  action  upon  the  albuminoids,  and  has 
but  a  very  slight  action  upon  the  amylaceous  principles.  —  (Vide  also  Secretion  of  bile). 

THE  PANCREATIC  JUICE  —  Is  dear  colourless,  alkaline,  viscid  and  chemically  more 
active  about  two  hours  after  a  meal,  more  watery  &  less  active  later  on.  —  The  average 
quantity  daily  secreted  in  man  is  estimated  at  from  12  to  16  ozs.  (Bidder). 

It  contains  980  parts  of  water,  salts  very  similar  to  those  found  in  the  saliva  (except  that  the 
sulpho-cyanide  of  potassium  is  deficient)  and  a  peculiar  nitrogenous  substance  termed 
pancreatin,  to  which  however  it  is  a  mistake  to  attribute  its  digestive  power  (Foster). 

It  transforms  starch  into  dextrin  and  subsequently  into  grape-sugar,  as  does  the  saliva. 

It  shares  with  the  bile,  but  it  possesses  to  a  much  greater  degree  than  the  latter,  the  property  of  emul- 
cifying fat:  -  Fat  appears  in  abundance  in  the  foeces  when  the  pancreas  is  diseased  or  when 
its  duct  is  tied.  In  the  rabbit  the  fatty  matters,  though  subjected  to  the  action  of  the  bile 
which  is  poured  into  the  intestine  a  little  below  the  pylorus,  remain  nearly  unchanged 
in  the  part  of  the  intestine  situated  above  the  opening  of  the  main  pancreatic  duct,  (which 
latter  opens  10  or  12  inches  below  the  common  bile-duct)  and  the  corresponding  lac- 
teals  contain  but  a  thin  watery  fluid  (Bernard). 

It  has  probably  a  slight  action  on  the  albuminoids^  especially  when  it  co-operates  with  the  gastric 
juice. 

THE  INTESTINAL  FLUID  —  Is  secreted  by  the  tubular  glands  or  glands  of  Lieberkiihn 
and  by  the  small  conglomerate  glands  of  Briinner. 
It  is  colourless,  viscid,  alkaline,  and  contains  water,  salts,  fatty  matters,  and  an  organic  prin- 
ciple.    The  average  quantity  daily  secreted  in  man  is  estimated  at  about  7  ozs.  (Bidder  & 
Schmidt). 

li  transfonns  starch  into  dextrin  and  subsequently  into  grape  sugar,  and  dissolves  the  albinninoids : 
-  A  case  is  on  record,  in  which  the  contents  of  the  stomach  were,  by  a  fistulous 
opening,  completely  prevented  from  entering  the  small  intestine ;  upon  food  being  intro- 
duced directly  into  the  lower  part  of  the  small  intestine,  its  albumen  was  dissolved,  and 
its  starch  was  converted  into  sugar;  the  fats  were,  however,  but  slightly  or  not  at  all 
emzilcif  ed  (Bnsch.).  -  The  fluid,  doubtless  abnormal,  which  collects  in  a  loop  of  intestine 
tied  at  both  ends,  appears,  however,  to  be  nearly  inactive. 
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INTESTINAL  DIGESTION. 


Its  object  is  to  emulcify  the  fats,  and  to  complete  the  transformation  of  the  amylaceous  food 
into  dextrin  &  grape-sugar,  and  the  transformation  of  the  albuminous  food  into  albuminose 
or  peptone. 

This  is  effected  by  the  joint  action  of  the  bile,  pancreatic  juice  &  intestinal  fluid,  and,  in  the 
upper  part  of  the  intestine,  by  the  continued  action  of  the  saliva  &  gastric  juice. 

The  oleaginous  principles  of  the  food  leave  the  stomach  in  a  fluid  condition  &  in  a  state  of 
considerable  division,  but  otherwise  unchanged.  They  are  emulcified  in  the  upper  part  of 
the  small  intestine  by  the  joint  action  of  the  bile  &  pancreatic  juice,  and  are  thereby  ren- 
dered capable  of  being  absorbed. 

The  amylaceous  principles  of  the  food  are  acted  upon  to  some  extent  by  the  saliva  both  before 
entering  the  stomach  and  during  their  stay  therein.  The  great  mass  of  the  amylaceous 
food  is  however  undigested  when  it  enters  the  small  intestine.  It  is  here  acted  upon  by 
the  pancreatic  juice  &  by  the  joint  secretions  of  the  glands  of  Briinner  &  Lieberkiihn,  and 
is  transformed  first  into  dextrin  and  then  into  grape-sugar,  which  latter  is  soluble  &  capa- 
ble of  being  absorbed.  -  The  great  length  of  the  small  intestine  in  the  herbivorous  ani- 
mals corresponds  to  the  difficult  digestion  of  vegetable  substances,  especially  when  they 
are  uncooked. 

The  albuminoid  principles  of  the  food  are  especially  acted  upon  in  the  stomach,  which  they  leave 
only  when  they  are  reduced  to  a  semi-fluid  condition  by  the  action  of  the  gastric  juice. 
Their  transformation  into  albuminose  or  peptone  is  completed  in  the  small  intestine  by  the 
continued  action  of  the  intestinal  fluid  &  pancreatic  juice. 

All  these  changes  take  place  principally  in  the  upper  part  of  the  small  intestine.  They  are 
continued  however  in  the  lower  part  of  the  same,  and  even  to  some  extent  in  the  large 
intestine,  for  nutrient  enemata  are  of  service  when  no  food  can  be  taken  into  the  stomach. 

There  is  no  reason  however  to  believe  that  any  special  digestive  process  takes  place  in  the 
ccecum  or  in  any  other  part  of  the  large  intestine. 
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THE  FUNCTIONS  of  the  SPLEEN. 


The  spleen 

I.  -  Is  a  seat  of  disintegration  of  tlie  red  blood  corpuscles  -  For  these  are  greatly 

diminished  in  number  in  the  blood  of  the  splenic  vein,  while  they  are  found  in 
abundance  in  the  splenic  pulp,  where,  according  to  KoUiker,  they  collect  into  heaps, 
and  become  surrounded  by  a  cell-wall  and  more  &  more  altered  in  form  &  colour 
till  they  are  finally  converted  into  pigment  granules. 

II.  -  Is  a  seat  of  formation  of  fibrin  &  of  the  white  or  lymph  corpuscles,  which 

latter  are  probably  the  germs  of  the  future  red  blood  corpuscles 

(Vide  functions  of  the  blood  glands  in  general)  -  For  the  blood  of  the  splenic  vein 
contains  an  unusually  large  amount  of  white  corpuscles,  sometimes  as  many  as  1  to 
every  60  red  corpuscles  (Hirt),  and  of  fibrin,  sometimes  as  much  as  11  parts  per  1000. 

III.  -  Probably  elaborates  the  albuminous  or  formative  materials  of  the  food- 

For  it  is  much  the  largest  towards  the  close  of  the  digestive  period,  or  about  four  or 
five  hours  after  a  meal,  and  its  parenchyma  then  contains  an  unusually  large 
amount  of  finely  granular  albuminous  material  &  of  young  nucleated  &  non-uucleated 
cells  &  free  nuclei.  The  Malpighian  corpuscles  are  also  largest  &  most  numerous 
when  the  nutrition  is  active. 

IV.  -  Is  a  diverticulum  to  the  portal  system. 

N,  It  must  be  observed  that  all  these  functions  may  be  performed  by  other  organs, 
since  the  spleen  has  frequently  been  removed,  even  in  man,  without  any 
serious  efiects  resulting. 
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V 


THE  FUNCTIONS  of  the  LIVER 


Are  twofold,  depurative  &  assimilative. 

Depurative  Action     Frees  the  blood  from  foreign  substances  &  from  effete  protein  com. 

pounds  ready  to  undergo  retrograde  metamorphoses.  -  A  part  of  these  compounds, 
i.e.j  that  part  which  contain  the  nitrogen  &  the  sulphur,  are,  in  the  form  of  bile, 
made  subserv  ient  to  the  digestive  process  before  they  are  finally  discharged. 

Assimilative  Action  -  Modifies  the  albuminose  &  the  sugar  conveyed  to  the  liver  from 
the  alimentary  canal,  and  also,  probably,  the  remainder  of  the  above  mentioned 
protein  compounds,  and,  after  rendering  them  fit  for  nutrition,  forms  out  of  them  olea- 
ginous &  amyloid  materials,  which  are  subsequently  transformed  into  blood  & 
tissues :  -  When  either  albuminose  or  cane  sugar  is  injected  into  any  vein  but  the 
portal  vein  it  is  immediately  eliminated  through  the  kidney ;  it  is  on  the  contrary 
assimilated  when  it  is  injected  into  the  portal  vein  and  thus  subjected  to  the  action  of 
the  liver. 


44 


THE  SECRETION  of  BILE 


Probably  amounts  daily  in  man  to  2  or  3  pounds. 

Though  never  entirely  interrupted,  the  process  is  greatly  accelerated  from  one  to  two  hours  after  a 
meal.  The  bile  is  then  poured  out  in  abundance  both  from  the  liver  &  the  gall-bladder, 
the  latter  contracting  to  expel  the  bile  previously  collected  in  it.  The  relatively  small 
amount  of  bile  secreted  during  the  intervals  of  meals  is  pressed  up  the  cystic  duct  into  ihe 
gall-bladder  on  account  of  the  closure  of  the  orifice  by  which  the  ductus  communis  chole- 
dochus  communicates  with  the  duodenum,  this  orifice  being  forced  open  only  when  the 
gall-bladder  contracts ;  the  peristaltic  action  of  the  bile-ducts  probably  assists  also  in  pro- 
ducing the  retrograde  movement  of  the  bile. 

Bile  is  a  heavy,  viscid  fluid  of  a  gfeenish-yellow  colour,  very  hitter,  neutral  or  slightly  alkaline,  and  of 
a  specific  gravity  of  about  1020.  When  retained  in  the  gall-bladder  it  becomes  darker, 
more  viscid  &  ropy,  through  increased  concentration  <fe  the  addition  of  mucus. 

Bile  contains  water,  bilin,  fats,  colouring  matters,  mucus  &  salts  in  the  following  proportion  per 
1000  parts  of  bile 

Water,  860. 

Bilin,  90.  -  Bilin  is  a  resinoid  substance  formed  by  the  combination  with  soda  of 
two  resinous  acids,  the  glycocholic  the  taurocholic,  the  latter  of  which  contains  sulphur 
while  the  former  does  not.  It  is  soluble  in  water,  alcohol  &  alkaline  solutions,  and  is  the 
most  important  constituent  of  the  bile. 

Fats,  9  I  -  Olein,  margarin,  cholesterin  probably  held  in  solution  by  the  bilin;  also 
alkaline  oleates,  stearates  &  margarates. 

Colouring  Matters:  -  Biliverdin,  which  is  green;  (5z/y^«/z/?;?,  which  is  yellow; 
both  closely  allied  to  hsematin.  On  the  addition  of  nitric  acid  they  become  dark  green. 
With  the  mucus,  from  which  they  cannot  well  be  separated,  they  form  about  30  parts 
per  1000. 

Mucus  -  Derived  principally  from  the  gall-bladder,  but  partly  also  from  the 
hepatic  ducts. 

Salts,  7.  -  The  most  important  are  the  chloride  of  sodium,  the  carbonate  &  phos- 
phate of  potash  &  soda,  &  the  phosphate  of  magnesia.  Bile  contains  also  some  iron,  and 
frequently  also  a  little  copper. 

The  bile  is  secreted  mainly  from  the  portal  blood ;  it  therefore  diminishes  greatly  in  quantity  when 
food  is  withheld,  and  ceases  entirely  to  be  formed  when  the  vena  portee  is  tied.  If,  however, 
the  constriction  of  the  vena  portae  is  gradual,  the  secretion  will  continue  to  some  extent 
through  the  then  probably  increased  supply  of  blood  from  the  hepatic  artery. 

The  bilin  &  the  colouring  matter  do  not  preexist  in  the  blood ;  they  are  formed  in  the  liver 
during  the  act  of  secretion  of  the  bile,  and  are  probably  derived  in  part  from  the  products  of 
organic  disintegration,  and  in  part  from  the  portion  of  the  albuminoids  which  is  simply 
assimilated  into  the  blood  and  which  does  not  undergo  metamorphosis  into  tissue. 

Irritation  or  division  of  the  pneumogastric  nerves  below  the  diaphragm  does  not  affect  the  biliary 
secretion.  Division  of  one  or  both  nerves  higher  up  interferes  with  the  secretion,  probably 
in  consequence  of  the  eflfeot  produced  on  the  circulation  &  respiration. 
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THE  USES  of  BILE. 


I.  Greatly  assists  the  pancreatic  juice  in  emnlcifying  the  fatty  portions  of 

the  food,  and  facilitates  their  absorption  through  the  coats  of  the 

intestine.  -  Vide  Agents  of  the  intestinal  digestion. 

II.  Prevents  the  decomposition  &  putrefaction  of  the  food  during  its  passage 

through  the  intestine  -  After  ligature  of  the  bile-duct  or  the  establishment  of  a 
biliary  fistula  the  contents  of  the  intestine  become  much  more  foetid  than  they  usually 
are. 

III.  Acts  as  a  slight   purgative,  increasing  both  the  quantity  of  the  fluid  secreted  by, 

and  the  vigour  of  the  peristaltic  contractions  of,  the  walls  of  the  intestine.  A  Bcanty 
supply  of  bile  produces  constipation,  an  excess  induces  diarrhoea. 

IV.  Is  an  excrementitious  fluid,  by  which  the  excess  of  carbon  &  hydrogen,  not  used  up 

by  the  respiratory  combustion,  is  separated  from  the  blood.  This  is  shown  on  the  one 
hand,  by  the  elementary  composition  of  bile  being  so  very  rich  in  carbon  &  hydrogen 
&  so  deficient  in  nitrogen  (O^gTIggNjOjj  ,  Liebig)  ,  and  on  the  other  hand,  by  the 
fact  that  the  secretion  is  actively  carried  on  both  during  intra-uterine  life  (when  the 
liver  is  even  remarkable  for  its  size  &  vascularity)  and  during  the  winter  slumber  of 
the  hibernating  animals:  -  The  meconium  of  the  foetus  is  but  thickened  bile  admixed 
with  mucus,  and  the  foeces  of  the  mole  during  winter  are  very  little  more. 

The  biliary  excretion  is  therefore  vicarious  to  the  pulmonary.  In  the  case  of 
tbe  adult  this  holds  true  particularly  in  hot  climates,  where  the  high,  external  tem- 
perature renders  necessary  the  combustion,  for  the  maintenance  of  animal  heat,  of 
but  a  small  quantity  of  carbon  &  hydrogen,  and  where,  however  abstemious  a  man 
may  be,  his  liver  is  much  more  active,  and  also  much  more  liable  to  be  diseased,  than 
in  the  temperate  or  cold  regions  of  the  globe.  -  It  must  however  be  remembered 
that  in  the  adult  a  large  proportion  of  the  bile,  which  proportion  comprises  nearly  the 
whole  of  the  bilin,  is  reabsorbed  in  the  intestine,  the  fats  &  the  colouring  matters 
being  alone  excreted  with  the  faeces.  The  reabsorbed  bilin  is  believed  to  be  converted, 
by  the  respiratory  combustion,  into  carbonic  acid  &  water,  its  sulphur  probably  reap- 
pearing in  the  acids  of  the  sulphates  found  in  the  urine.  The  elimination  of  carbon 
&  hydrogen,  through  the  bile,  is  therefore,  in  the  adult,  to  some  extent  indirect. 
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THE  AMYLOID    SUBSTANCE  —  glycogen  ^Bernard),  HEPATIN 

(Pavy),  ZO-AMYLINE  (Rouget). 


Is  formed  in  the  hepatic  cells,  and  may  be  extracted  from  the  liver  by  breaking  up  the  organ 
&  macerating  it  in  water,  boiling  the  water  in  order  to  coagulate  the  albumen,  filtering, 
and  adding  a  little  acetic  acid  or  alcohol,  either  of  which  latter  reagents  will  precipitate 
the  substance  sought  for. 

It  is  white,  flocculent,  tasteless,  soluble  in  water,  insoluble  in  alcohol ;  identical  in  chemical 
composition  with  starch,  sugar  &  dextrin ;  and  rapidly  transformed,  when  an  albuminoid 
ferment  is  added,  first  into  grape  sugar  and  then  into  alcohol  or  acetic  acid.  It  forms  a 
reddish  violet  compound  with  iodine,  but  does  rxQt  reduce  the  salts  of  copper. 

It  is  probably  derived  from  the  three  following  sources :  - 

\.  Fro7n  the  amylaceous  principles  of  the  foodj  iov  it  is  found  most  abundantly  in  the 
liver  when  purely  vegetable  diet  is  taken. 

2.  From  the  albuminoid  principles  ^  for  the  blood  of  the  portal  vein  is  rich,  and  that  of 
the  hepatic  veins  relatively  poor,  in  these  principles  (M'Donnell). 

3.  Fro7n  disintegrated  protein  compounds  reabsorbed  from  the  bloody  only  a  part  of  which, 
probably,  are  employed  for  the  formation  of  the  bile. 

Its  uses  are  still  enveloped  in  obscurity. 

The  theory  of  its  transformation  into  sugar  ( Vide  History  of  the  "  Glycogenic 
Function")  must  now  be  rejected:  -  whatever  be  the  nature  of  the  food  administered,  the 
liver  contains  little  or  no  sugar  during  life.  There  is  also  during  life  very  little  or  no 
difference  in  the  amount  of  sugar  found  in  the  blood  of  the  portal  &  in  that  of  the  hepatic 
veins.  It  is  only  after  death,  that  sugar  is  formed  in  the  liver,  unless  abnormal  conditions 
be  induced  by  the  exhibition  of  morphia,  phosphoric  acid  or  strychnia,  or  by  the  injection 
of  chloroform  or  ammonia  into  the  portal  vein,  the  irritation  of  the  floor  of  the  4th  ventri- 
cle, the  division  of  the  sympathetic  nerve  in  the  neck,  etc. 

Dr.  Pavy,  to  whom  science  is  greatly  indebted  for  dispelling  an  important  pnysiolo- 
glcal  error,  suggests  that  the  amyloid  substance  represents  a  first  step  in  the  assimilation 
of  the  amylaceous  principles  of  the  food,  that  it  stands,  as  a  transitory  product,  in  an  inter- 
mediate position  between  these  latter  principles  &  the  fats,  and  that  it  arises  from  the 
fat-forming  process  stopping  short  in  the  liver  at  an  imperfectly  evolved  substance,  the 
final  evolution  of  which  substance  into  fat  is  subsequently  accomplished  either  in  the 
liver  or  elsewhere. 
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THE  HISTORY  o!  the  "GLYCOGENIC  FUNCTION"  of 

the  LIVER 

Is  now  but  an  interesting  page  of  past  physiological  research,  which  reads  in  a  few 

words  as  follows :  — 

One  of  the  functions  of  the  liver  is  the  formation  of  sugar,  which  being  taken  up  by  the  hepatic 
veins  and  being  easily  oxidisable,  forms  the  material,  the  subsequent  combustion  of  which 
"throughout  the  vascular  system  is  the  principal  source  of  animal  heat." 
*'  Sugar  is  not  formed  directly  in  the  liver.  It  is  preceded  by  a  substance  very  similar  to,  and 
"indeed  identical  in  composition  with  starch,  which  substance  is  termed  glycogen 
"(Bernard),  hepatin  (Pavy),  zo-amyline  (Eouget).  This  substance  is  immediately 
"  transformed  by  the  action  of  albuminoid  ferments,  first  into  grape-sugar,  and  then  into 
"  alcohol  &  lactic  acid.'* 

« This  transformation  of  glycogen  into  sugar  is  constantly  taking  place  in  the  liver  during  life. 
"  It  continues  ev,en  after  death  ;  after  washing  out  completely  the  vascular  system  of  the 
"liver  by  injecting  water  into  the  portal  vein  until  the  fluid  escaping  from  the  hepatic 
veins  was  perfectly  colourless,  and  no  longer  contained  a  trace  of  srgar,  Bernard  again 
"found  sugar  in  the  fluid  of  subsequent  injections  performed  at  intervals  during  24  hours. 
"  The  repeated  washing  of  a  portion  of  liver  tissue  proves  also  the  same  continued  forma- 
"  tion  of  sugar  after  death." 

precise  origin  &  mode  of  formation  of  glycogen  k  sugar  is  still  uncertain.  Though  sugar 
"  is  much  more  abundant  in  the  hepatic  veins,  and  in  the  circulatory  system  generally, 
"  after  a  meal,  especially  if  a  considerable  quantity  of  sugar  or  amylaceous  substances 
*'has  been  taken,  and  though  much  more  sugar  is  obtainable  from  the  liver  of  herbivorous 
"than  from  that  of  carnivorous  animals  (4  per  cent,  from  that  of  a  calf,  2  per  cent,  from 
"that  of  a  dog),  it  CQ.-nnot  now  be  objected,  as  it  originally  was  by  Sanson  &  others,  that 
"the  sugar  found  in  the  blood  is  derived  from  the  food,  for  sugar  is  still  formed  in  the 
*'  liver,  and  is  even  found  in  the  blood  in  nearly  the  usual  proportion  in  the  case  of  starving 
*'  animals  or  of  animals  fed  wholly  upon  meat  or  fat;  after  a  meal  the  blood  in  the  jugular 
"vein  of  a  horse  contains  .06  per  cent,  of  sugar  and  that  in  the  hepatic  veins  1.13  (Poiseuil- 
"le  &  Lefort);  when  the  animal  has  been  fasting  for  a  week  the  respective  proportions 
"are  .05  (Chauveau)  &  1  per  cent.  (Marshall)." 

« The  glycogenic  function  of  the  liver  is  therefore  to  a  certain  extent  independent  of  the  ab- 
"sorbed  products  of  the  alimentation.  It  is  probable  however  that  the  materials  with 
which  the  liver  forms  sugar  are  principally  derived  from  the  albuminoid  principles  of  the 
*'food,  for  it  has  been  shown  that  the  formation  of  sugar  diminishes  &  that  the  tempera- 
"  ture  falls  in  animals  fed  wholly  on  oil  or  chemically  pure  starch,  while  both  are  normal 
"in  animals  fed  on  albuminous  diet  only.    (Bernard,  Schmidt,  Savory)." 

"The  glycogenic  function  is  governed  by  the  joint  action  of  the  pneumogastric  nerves,  acting  as 
"  cenlnpetal  nerves  from  the  lungs  to  the  nerve-centres,  and  of  the  vaso-motor  branches  of 
*Uhe  sympathetic  which  supply  the  vessels  of  the  liver.  It  is  probably  regulated  accord- 
*'  ing  to  the  quantity  of  oxidisable  substance  required  for  the  maintenance  of  animal  heat 
"  &  is  thus  rendered  subservient  to  the  respiratory  functions.  The  section  of  the  pneumo- 
gastric  nerves  above  their  pulmonary  branches  restrains  the  formation  of  sugar,  while  the 
formation  of  sugar  is  greatly  increased  by  the  irritation  of  the  roots  of  the  same  nerve 
"on  the  floor  of  the  4th  ventricle  (Bernard),  or  of  the  upper  part  of  the  medulla  oblongata, 
*'  and  also  by  the  section  of  the  great  splanchnic  nerves  or  of  the  sympathetic  in  the  neck, 
"  a  temporary  diabetes  immediately  resulting.  It  is  probable  that  the  increased  formation 
*'of  sugar  depends  on  the  temporarily  increased  vascularity  of  the  liver  for  the  direct 
"stimulation  of  the  liver  by  acupuncttire  needles  (Schiff)  or  by  irritating  injections 
"  (Harley)  produces  the  same  efiect." 
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Active  Principles,  or  Ferments,*  of  the  Saliva  and  Gastric  &  Pancreatic  Juices. 

These  were  believed  up  till  very  lately  to  he  nilrogenous  subsiances ;  it  is  now  more  than 
likely  that  they  are  7Wt:-  If  a  salivary  gland,  or  a  portion  of  the  gastric  mucous  membrane,  or  of 
the  pancreas,  be  left  standing  under  alcohol  for  some  time,  the  proteids  they  contain  will 
become  coagulated  and  insoluble  either  in  water  or  glycerine.  Nevertheless  either  an  aqueous 
or  a  glycerine  extract,  though  it  contain  little  or  no  proteid  material,  will  be  found  to  be 
actively  amylolytic  or  peptic,  or  both,  as  the  case  may  bo.  The  more  elaborate  method  of  Briicke 
supplies  a  digestive  fluid,  which  presents  none  of  the  ordinary  proteid  reactions,  but  which, 
nevertheless,  is  exceedingly  active. 

These  ferments  exist  in  the  several  fluids  in  extremely  small  quantities.  They  probably  act 
catalytically,  i.e.,  by  mere  presence :  there  is  no  evidence  that  they  are  subject  to  any  change 
during  the  chemical  action  to  which  they  give  rise.  It  is  probable,  therefore,  that  the  loss  of  power 
which  they  may  sustain  is  due  to  simple  wear  &  tear.    Boiling  destroys  their  activity,  as  does 
'  also  the  action  of  strong  acids,  or  strong  alkalis. 

*The  term  "ferment,"  though  sanctioned  by  modern  usage,  is  here  somewhat  misapplied  : - 
These  active  principles  are  not  living  organisms,  like  yeast ;  they  are  not  gendered  by  an  organic 
predecessor  in  the  shape  of  a  germ.  Neither  is  the  presence  of  oxygen  a  necessary  condition  for  their 
action,  nor  is  carbonic  acid  a  product  thereof.  They  are  mere  secretions,  whose  action  is  chemical, 
not  vital. 


Chemical  Constitution  oU^g^^^J^^CS^S?™' 

The  enveloping  membrane  of  a  starch-corpuscle  consists  of  cellulose,  which  is  acted  upon 
with  great  difficulty  by  the  digestive  fluids  J  this  substance  gives  no  blue  colour  with  iodiue, 
unless  sulphuric  acid  be  added.  The  interior  of  the  globule  consists  of  granuloses  which  is 
much  more  easily  acted  upon,  and  which  immediately  gives  a  blue  colour  with  iodine  alone.  - 
When  starch  is  boiled,  the  membrane  of  cellulose  is  ruptured  j  the  saliva  has  then  a  ready 
access  to  the  granulose :  starch  paste  is  digested  much  more  rapidly  than  raw  starch. 

Erythrogr  anulose . 

Combined  with  th*e  granulose  of  the  interior  of  the  starch  globule,  Briicke  distinguishes  a 
little  erythrogranulose,  which  gives  a  red  colour,  not  a  blue  colour,  with  iodine,  and  is  less  rapidly 
acted  upon  by  saliva. 

Erythrodextrin,  and jflichroodextrin^ 

Briicke  also  divides  dextrin  into  erythrodextrin  achroodextrin.  Erythrodextrin  is  the 
product  usually  described  under  the  name  of  dextrin  :  it  is  easily  acted  upon  by  saliva,  and  it  gives 
a  red  colour  with  iodine.  Achroodextrin  exists  in  small  quantities  only ;  it  gives  a  yellowish 
colour  with  iodine,  and  is  acted  upon  with  difficulty  by  saliva.  An  amylaceous  fluid  which  has 
been  acted  upon  by  saliva  till  it  no  longer  gives  either  a  blue  or  a  red  colour  with  iodine,  raaiy 
siill  contain  a  certain  amount  of  dextrin  in  the  shape  of  acroodextrin. 

Action  of  Dilute  Acids  upon  Starch. 

Dilute  acids  transform  starch  into  soluble  starch  or  amidtUiny  which,  like  dextrin,  forms 
a  clear  solution  with  water  j  but  still  gives  a  blue  colour  with  iodine.  It  is  suggested  that,  in 
the  stomach,  the  gastric  juice  might  transform  some  of  the  starch  into  amiduiin.  The  amidulin 
would  subsequently  be  transformed  into  dextrin  &  grape-sugar  in  the  intestinal  canal,  as  is 
ordinary  starch. 

Action  of  Saliva  upon  Starch. 

Another  account  of  the  action  of  saliva  upon  starch  is  that  it  first  splits  up  the  starch  into 
sugar  and  dextrin,  and  then  transforms  the  dextrin  into  sugar.  The  change  consists  essentially  in 
the  assumption  of  a  molecule  of  water. 

The  action  is  favoured  by  a  temperature  1G0°  F.,  or  40S  C,  by  the  alkaline  reaction  of  the 
medium,  by  the  progressive  removal  of  the  sugar  formed.  It  is  hampered  by  high  &  by  low 
temperatures,  by  an  acid  medium,  by  the  accumulation  of  the  sugar. 

The  degi-ee  of  chemical  activity  of  the  saliva,  and  the  relative  activity  of  the  several  kinds 
of  saliva,  vary  greatly  in  difiEerent  animals.  In  man  the  submaxillary  saliva  is  more  active  than 
the  pai  otid  saliva.  -  With  fats,  saliva  produces  a  feeble  emulsion. 

Note  -  When  mixed  with  mucus,  gastric  juice  transforms  cane-sugar  into 
grape-sugar.  Cane-sugo,r,  when  in  excess,  causes  an  abundant  secretion  of 
mucus,  and  thus  provides  for  its  own  digestion. 
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The  Free  Acid  of  the  Gastric  Juice. 


Is  now  definitely  proved  to  be  hydrocWoric  acid,  for  the  amount  of  hydrochloric  acid  io 
gastric  juice  is  shown  to  be  greater  than  caa  be  neutralised  by  the  ba^es  praseit.  Tde  proportion  of 
free  hydrochloric  acid  is  '02  per  oeut.  Laotic,  butyric,  and  other  acids,  when  present,  are  the 
resoit,  either  of  fermentation,  or  of  the  decompasitiou  o£  their  alkaline  salts  by  the  free 
hydrochloric  acid. 

The  activity  of  an  ai'tificial  peptic  digestive  fluid  is  broug'^t  up  to  its  maximum  by  such 
fluid  being  acidified  with  -02  per  cent,  of  hydrochloric  acid.  Other  acids  are  less  efficient  as 
regards  digestion. 

There  is  an  intimate  connection  between  the  acid  &  the  ferment.  They  act  together  as 
one  compound,  to  which,  indeed,  the  name  pepto-hydrochloric  has  been  given. 


Parallel  between  the  Action  of  Dilute  Aoids  &  that  of  Gastric  Juice  upon  the 

Albuminoids. 

1.  Dilute  acids  transform  the  albuminoids  into  acid-albumin  or  syntonin,  which,  though 
easily  dissolved  in  slightly  acid  fluids,  is  throwa  down  at  any  time  upon  neutralisation.  Gastric 
juice  transforms  the  albuminoids  into  peptone,  which  is  not  thrown  down  upon  neutralisation. 

2,  Neither  solution  is  coagulable  by  heat. 

Farther  Remarks  upon  the  a;hove^n}jnUo^  Solutions. 

It  must  be  remembered  that  it  is  only  by  a  slow  process  that  albumin  is  transformed  either 
into  acid-albumin,  or  into  peptone,  as  the  case  may  b=>.  Therefore,  if  raw  white  of  egg,  r>., 
tincoagulated  albumin  which  is  sohible  in  water,  be  used  in  the  experiment,  and  if  the  solutions 
be  tested  too  soon, they  will  both  bo  found  tobe  partly  coagulable  by  heat,  &  partly  precipitable  upon 
neutralisation:  -  The  acid  solution  will  be  partly  coagulable  by  heat,  because  it  will  still  contain 
some  native  albumin  not  yet  ti-ansformed  into  acid-albumin;  it  will  be  partly  precipitable  upon 
neutralisation  because  it  will  already  contain  some  acid-albumin.  The  peptic  solution  will  be 
partly  coagulable  by  heat  because  it  will  still  contain  some  uative  albumin  not  yet  transformed 
into  peptone;  it  will  be  partly  precipitable  upon  neutralisation  because  it  w  11  cont  lin,  in  addition 
both  to  the  native  albumm,  and  to  the  peptone  that  has  been  formed,  a  portion  or  the  albuminoid, 
"Which,  on  the  one  hand,  is  no  longer  in  the  condition  of  the  primitive  native  albumin,  but,  on 
the  other  hand,  is  not  yet  in  the  condition  of  peptone.  This  initial  or  intermediate  product  is 
referred  to  below  as  parapeptone  &  its  several  vai-ieties. 

Further  Remarks  upon  the  Neutralisation  Precipitates. 

As  regards  the  precipitate  thrown  down,  it  will,  in  the  case  of  the  acid  solution,  represent 
the  whole  of  the  albumin  that  was  dissolved ;  in  the  case  of  the  peptic  solution,  it  will  repre- 
sent, on  the  contrary,  but  a  portion  of  the  albumin  dissolved  ;  -  and  this  portion  will  be  relatively 
large  in  the  early  stages  of  the  rf  action,  and  relatively  small  in  the  later  stages. 

Further,  ihe  precipitate  obtained  from  the  aci  I  solution  is  always  the  same  at  whatever  time 
it  is  thrown  down  ;  it  is  always  the  well  defined  product  termed  acid-albumin.  From  the  peptia 
solution,  on  the  contrary,  slightly  different  precipitates  are  thrown  down,  according  to  the 
time  at  which  the  precipitation  is  effected.  These  precipitates  are  the  somewhat  ilUdefinod 
products  termed  para-,  meta-,  &  dyspeptones. 

Note  -  If  the  peptic  digestive  fluid  be  sufficiently  active,  and  the  process  of  diges- 
tion  be  sufficiently  prolonged,  the  whole  of  the  proteids  may  bo  converted  into 
peptone ;  in  such  case  there  will  be  no  neutralisation  precipitate. 
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Digestive  Proteid  Metabolism,  or  Proteolysis.  -  Views  of  Briicke,  Meissner,  & 
"  ~~  Kuhne. 

Briicke  held  that,  in  gastric  or  peptic  Jigestion,  the  albuminoids  are  first  transformed  into 
syntonia  or  parapeptone,  and  that  this  syntonin  or  pavapeptone  is  subsequently  converted  into 
peptone. 

Meissner  held  that  the  syntonin  becomes  split  up  into  peptone  &  "  parapeptone,"  -  this  "  para- 
peptone"  being  characterised  by  the  double  fact  of  its  incapability  of  being  transformed  into 
peptone  by  the  continued  action  of  gastric  juice,  and  of  its  capability  of  being  so  transformed  by 
tlie  action  of  pancreatic  juice,  and  being  therefore,  to  all  appearances,  identical  with  the  anti- 
albuminate  of  Kiihne  mentioned  below.  Of  peptones,  Meissner  recognised  three  varieties,  tha 
a,  i,  &'  c  peptones,  the  latter  being  the  final  or  perfectly  evolved  peptone.  He  further  recog- 
nised two  subsidiary  products,  metapeptone  dyspeptone. 

Kiihne  held  that  the  albuminoids  are  split  up  both  in  gastric  or  peptic  digestion,  and  in 
pancreatic,  oi%  as  he  called  it,  in  trypttc  digestion,  into  two  parallel  series  of  products,  the  antidr*  the 
hemi  series.    From  the  initial  products  to  the  final  products,  these  series  contain  : 

1.  Antialbttminose,  &>  Hernial biiminose,  which  are  subsequently  transformed  respec- 

2.  Antipeplorre,  &>  Hemipfptone.  [tively  into 
In  peptic  digestion,  antipeptone  &  hemipeptone  are  the  two  final  products ;  they  are  both 

peptones  in  the  ordinary  sense  of  the  term.  In  tryptic  digestion,  on  the  contrary,  though  anti- 
peptone  is  still  the  final  product  of  the  anti  series,  hemipeptone  is  no  longer  the  final  product 
of  the  hemi  series :  it  is  subsequently  transformed  into  leucin,  tyrosin,  fatty  acids,  &  volatile 
bodies,       into  the  various  products  of  pancreatic  digestion,  among  which  is  indol. 


Respective  Shares  of  Action,  in  Peptic  Digestion,  of  the  Hydrochloric  Acid,  & 

of  the  Pepsin. 

Are  stated  by  Kiihne  to  be  as  follows,  namely,  that  though  the  acid  alone  can  evolve  the 
two  products  of  the  hemi  series,  the  cooperation  of  both  digestive  agents  is  necessary  to  effect 
the  perfect  evolution  of  the  products  by  the  anti  series Acting  on  albuminoids  at  40**  C, 
dilute  hydrochloric  acid  gives  rise  to  heraialbuminose  &  hemipeptone,  and  to  antialbuminaie } 
which  latter  is  transformed  into  antipeptone  by  trypsin  only,  not  by  pepsin,  and  is  thefore 
apparently  identical  with  the  "parapeptone"  of  Meissner.  This  antialbuminate  is  formed  in 
greater  or  less  abundandance  in  all  peptic  digestive  fluids  poor  in  pepsin. 

*Note-It  will  be  observed  that  the  term  " Synionin"  has  been  used  in  two 
different  tenses,  -  as  synonimous  with  parapeptone  &  its  several  varieties, 
and  as  synonimous  with  acid-albumin.  This  slight  misuse  of  language  is  sanc- 
tioned by  usage,  and  adopted  for  convenience'  sake.  It  is  partly  justified  by  the 
fact  that  the  three  substances,  though  of  different  origin,  and  possibly  d 
different  constitution,  are  chemically  undistinguishable,  or  scarcely  distin- 
guishable, one  from  the  other. 
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The  Active  Principles  of  Pancreatic  Juice 


Are  probably  three  in  number:  -  one  acts  upon  the  starch;  a  second  acts  upon  the  profceida; 
a  third  emulcifies  the  fats. 

The  emulcifying  power  appears  to  be  due,  in  part  at  least,  to  a  special  form  of  alkali- 
albumin,  which  is  closely  associated  with  sodium  carbonate,  and  is  precipitable  on  saturation 
of  the  juice  with  magnesium  sulphate.  This  agent  emulcifies  neutral  fats,  and  splits  them 
up  into  their  respective  acids  &  glycerine ;  -  the  mixture  soon  takes  on  an  acid  reaction,  Whea 
an  alkali  is  present,  the  fatty  acids  are  set  free,  and  form  their  respective  soaps. 


Variations  in  the  Composition  of  Pancreatic  Juice- 

Independently  of  the  variations  already  mentioned  in  the  proportion  of  solid  constituents 
taken  as  a  whole,  there  are  other  important  variations  due  to  intrinsic  digestion  of  the  corapara* 
tively  large  proportion  of  proteids  dr»  fats  always  found  in  pancreatic  juice.  To  this  process 
must  be  attributed  the  peptone  the  soaps,  which  are  usually  present,  the  kucin,  tyrosin,  efco.f 
and  possibly  also  the  indol.  There  is  also  a  considerable  proportion  of  sodium  carbonate,  which 
salt  seems  to  be  very  closely  associated  with  the  peculiar  form  of  alkali-albumin  above  mentioned. 

When  left  to  cool,  pancreatic  juice  undergoes  a  sort  of  coagulation;  but  it  again  becomes 
fluid,  when  gently  heated.  According  to  Kiihne,  this  coagulation  would  be  a  true  coagulation 
due  to  the  formation  of  a  product  similar  to  myosin  j  and  the  subsequent  liquefaction  would  be 
due  to  intrinsic  digestion  of  the  clot. 


Tryptic  or  Pancreatic  Digestion  of  the  Albuminoids  Compared  with  the^Pe^ptic 

1.  -  Peptic  or  gastric  digestion  is  essentially  an  acid  digestion :  the  action  takes  place  only 
in  the  presence  of  an  acid,  and  is  arrested  on  neutralisation.  Tryptic  or  pancreatic  digestion  is 
essentially  an  alkaline  digestion :  the  action  will  not  take  place  unless  some  alkali  be  present; 
it  is  hindered  by  neutralisation,  and  arrested  by  acidification.  -  The  presence  of  1  per  cent,  of 
sodium  carbonate  induces  the  maximum  of  activity  in  an  artificial  tryptic  digestive  fluid.  One 
per  cent,  of  sodium  carbonate  seems,  in  fact,  to  play,  in  pancreatic  digestion,  a  part  altogether 
comparable  to  that  of  '02  per  cent,  of  hydrochloric  acid  in  gastric  digestion  (M.  Foster).  Bile, 
which  arrests  peptic  digestion,  seems,  if  anything,  to  favour  pancreatic  digestion. 

2.  -  The  initial  product  of  peptic  digestion  is  acid- albumin  or  syntonin.  The  initial 
product  of  tryptic  digestion  somewhat  resembles  alkali- albumin  or  casein  :  It  is  soluble,  not  only 
in  dilute  acids  &  dilute  alkalis,  but  also  in  a  10  per  cent,  solution  of  sodium  chloride  ;  and  the 
solutions  in  the  latter  reagent  coagulate  on  boiling  and  on  the  addition  of  strong  nitric  acid. 

3.  -  In  peptic  digestion,  the  whole  of  the  proteid,  or  nearly  so,  is  transformed  into  peptone. 
In  tryptic  digestion,  on  the  contrary,  a  considerable  portion  is  broken  up  into  leucin,  tyrosin, 
fatty  acids,  &  volatile  substances,  among  which  latter,  as  above  stated,  is  possibly  indol,  which 
compound  it  is  that  gives  their  strong  &  peculiarly  foecal  odour  to  the  products  of  tryptic  diges- 
tion. This  indol  is  believed,  however,  by  some  to  be  a  product  of  decomposition. 

4.  -  Fibrin  undergoing  peptic  digestion,  swells  up,  becomes  semi-transparent,  and  then 
falls  to  pieces,  leaving  a  little  granular  debris.  When  undergoing  tryptic  digestion,  it  remains 
opaque,  diminishes  slowly  in  bulk  by  a  kind  of  superficial  corrosion,  and  leaves  no  debris,  or  very 
little. 

Note  -  While  gastric  juice  dissolves  gelatiniferous  tissues,  and  destroys  their 
characteristic  property,  the  property  of  gelatinisation,  pancreatic  juice,  on  the 
contrary,  has  no  action  upon  them. 
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BilejPigments. 

Human  bile,  and  the  bile  of  carnivorous  animals,  are  normally  of  a  bright  golden  red  colour ; 
that  of  herbivorous  animals  is  of  a  golden,  bright,  or  dirty  green,  according  to  the  time  of 
retention  in  the  gall-bladder. 

The  pigment  of  human  or  carnivorous  bile  is  bilirubin.  Bilirubin  is  readily  soluble  in  chlor- 
oform &  alkaline  fluids,  slightly  soluble  in  alcohol  &  ether,  insoluble  in  water.  When  treated  by 
oxidising  agents,  sach  as  nitric  acid  yelloio  with  nitrous  acid,  it  turns  ia  succession  green, 
greenish  blue,  blue,  violet,  dirty  red,  pale  yellow  (Gmelin's  test  for  bile-pigments).  When 
treated  by  alkalis  and  exposed  to  the  air  ia  a  shallow  vessel,  it  becomes  converted  into  biliverdiuy 
whicn  is  the  green  pigment  of  herbivorous  bile,  and  probably  also,  of  biliary  vomits.  Bili- 
verdin  constitutes  the  first  stage  of  oxidation  of  bilirubin  in  Gmelin's  test.  When  obtained  pure 
from  herbivorous  bile  and  subjected  to  the  action  of  oxidising  agents,  it  goes  through  the  same 
series  of  colours  as  bilirubin,  the  initial  golden  red  excepted.  When  subjected  to  the  action 
of  reducing  agents,  it  becomes  converted  into  urobilin,  which  is  sometimes  found  in  the  urine  of 
fever  patients.  Other  pigments,  such  as  bilifttscin,  biliprasin,  etc.,  have  also  been  described  as 
occasionally  present  in  gall-stones. 

Bile  Salts^  or  Bilin. 

In  human  bile,  the  sodium  taurocholate  is  much  more  abundant  than  the  sodium  glyco- 
cholate;  and  in  the  bile  of  the  carnivora,  it  exists  alone.  In  the  bile  of  herbivorous  animals, 
there  is,  on  the  contrary,  a  large  excess  of  sodium  glycocholate.  Both  these  salts  crystallise  in 
fine  acicular  needles. 

Their  acids  may  be  isolated  by  means  of  sulphuric  acid.  When  boiled  with  dilute  acid, 
caustic  potash,  or  baryta  water,  these  acids  break  up,  as  they  also  do  spontaneously  in  tho 
intestine,  the  glycocholic  acid,  into  cholalic  acid  &  glycocoU,  and  the  taurocholic  acid,  into 
cholalic  acid  &  taurin.  When  treated  with  sulphuric  aci  l  &  cane  sugar,  they  give  a  splendid 
purple  colour  (Pettenkofer's  test),  and  a  characteristic  spectrum. 

Actioii^^  the  Bile  on  Fo^L 

It  precipitates  the  products  of  gastric  digestion,  throwing  down  mainly  the  parapcptone  &  the 
greater  part  of  the  pepsin ;  so  that  the  supernatent  fluid,  even  when  reaciditied,  has  but  little  or 
no  peptic  power.  It  is  said  by  some  that  the  peptones  are  thrown  down  also.  A  solution  of  bile 
•  salts  has  the  same  action. 

With  the  free  fatty  acids,  the  bilin  forms  soaps. 


Integbin^l^F^luid 

Is  probably  secreted  to  a  certain  extent  by  the  epithelial  cells  of  thQ  mucous  membrane 
itself  (M.  Foster),  This  is  in  keeping  with  the  view  of  the  process  of  secretion  now  generally 
received  (V.  Secretion  in  General,  pa^^e  56).  -  Almost  every  statement  made  in  respect  of  the 
action  of  the  intestinal  fluid  has  been  contradicted  by  some  physiologist  or  other. 


The  Digestion  of  Milk. 

Milk  is  first  coagulated  or  curdled  by  gastric  juice,  that  is  to  say,  its  casein  is  precipitated; 
and  the  casein  is  then  digested  as  any  other  solid  proteid.  The  agent  of  this  coagulation  is  not 
the  acid  of  the  gastric  juice,  for  neutr  alised  gastric  juice  will  still  curdle  milk ;  neither  is  it  the 
pepsin,  for  the  purest  pepsin  obtainable,  Briicke's  pepsin,  has  no  coagulating  power.  It  is 
probably  a  special  ferment  (M.  Foster). 


Mechanisms  which  Govern  the  Secretion  of  the  Digestive  Juices. 

In  the  case  of  the  submaxillary  gland,  the  secretion  is  brought  about  by  the  advent  along 
'  the  chorda  tympani  of  efferent  impulses  started  by  reflex  action.  These  impulses  travel  along 
two  sets  of  fibres,  the  vaso-dilator  &  the  exato-secrclory,  the  former  fibres  probably  acting  through 
some  local  vaso-motor  centre.  Both  the  submaxillary  ganglion  and  the  cervical  syrapathetio 
have  probably  also  a  regulating  influence;  but  this  influence  is  not  yet  well  understood.  -  For 
further  details,  see  pages  36  &  HO,  and  Appendix,  page  12^). 

The  other  secretions  are  probably  governed  by  similar  reflex  mechanisms,  but  very  little  is 
yet  known  on  the  subject. 

In  connection  with  the  above,  a  separate  consideration  is  given  in  tho  two  following 
pages  to  the  Intimate  Fhenoftiena  of  the  Act  of  Secretion 
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INTIMATE  PHENOMENA  of  the  ACT  of  SECRETION.  — 

ZYMOGEN,*  TRYPSINOGEK 


t  Secretion  is  a  complex  &  active  process  consisting  of :  - 

1.  ~  The  Production  of  Zymogen; 

2.  -  The  Stowage  of  the  same;  [excretion. 

3.  -  The  Trans fonnation  of  the  Zyjnogen  into  the  specific  ferment  during  the  outflow  or 
The  formation  &  stowage  of  the  zymogen  form  part  of  the  nutrition  &  growth  of  the  cell;  they 

constitute  a  slow  &  continuous  process. 

The  transformation  of  the  zymogen  into  the  specific  ferment  is  a  rapid  &  intermittent  process, 
specially  called  forth  in  every  instance  by  an  efferent  nervous  impulse. 

This  was  established  as  regards  the  pancreas  by  Heidenhain's  observations  on  that  gland,  and 
has  since  been  confirmed  by  various  observations  on  the  gastric  &  salivary  glands :  - 

The  cells  of  the  pancreas  present  two  zones,  an  outer  zone,  homogeneous  or  slightly 
striated,  which  stains  easily  with  carmine;  &  an  iymer  zone,  finely  granulai',  which  stains  with 
difficulty.  The  position  of  the  nucleus  varies,  but  it  always  lies  partly  within  the  inner  zone, 
&  partly  within  the  outer  one. 

The  outer  zone  is  being  constantly,  but  slowly,  built  up,  on  the  one  hand,  with  the 
materials  absorbed  from  the  blood;  on  tiie  other  hand,  its  accumulated  materials  are  being 
constantly,  but  slowly,  removed  for  the  building  up  of  the  inner  zone. 

The  inner  zone,  on  the  one  hand,  is  being  constantly  but  slowly  built  up  at  the 
expense  of  the  outer  zone ;  on  the  other  hand,  during  the  period  of  glandular  activity,  its 
materials  are  removed  rapidly  and  in  large  quantities  for  the  formation  of  the  ferment 
to  be  excreted. 

During  repose,  both  zones  increase  in  size,  the  inner  one  becoming,  however,  the  larger 
of  the  two;  and  the  nucleus  is  pushed  outwards  towards  the  basement  membrane. 

During  activity,  both  zones  diminish,  the  inner  one  becoming  the  smaller  of  the  two  j 
and  the  nucleus  is  di-awn  inwards  towards  the  lumen. 

It  must  be  added,  however,  that  the  period  of  greatest  activity  of  the  relatively  slow  &  continuous 
nutritive  process  coincides  with  the  period  of  greatest  activity  of  the  relatively  rapid  & 
intermittent  excretory  process :  this  is  the  inevitable  result  of  the  afflux  of  blood  towards  the 
gland,  which  occurs  during  the  period  of  excretion.  Hence  the  time  when  the  inner  zone  is 
the  largest  occurs  shortly  after  the  close  of  the  digestive  period.  From  this  time  to  the 
commencement  of  the  next  digestive  period,  the  size  of  the  inner  zone  diminishes  slightly. 

The  a??iount  of  ready  formed  proteolytic  ferment  present  in  the  gland  at  any  given  time  is  never  very 
^r^^ff/ ;- There  is  scarcely  any  during  the  intervals  of  meals;  neither  is  there  much  even 
during  the  height  of  digestion :  -  If  the  pancreas  be  minced  and  treated  with  glycerine 
•while  still  warm  from  the  body,  the  extract  will  be  all  but  inactive  if  the  organ  was  removed 
a  long  time  after  a  mealj  and  but  slightly  active,  even  if  it  was  removed  during  the  height 
of  digestion. 

The  amount  of  zymogen,  or  rather  trypsinogen,  present  may,  on  the  contrary,  be  considerable.  This 
amount  is  proportionate  at  any  time  to  the  size  of  the  inner  zone ;  and,  as,  after  death,  the 
trypsinogen  is  spontaneously  transformed  into  the  ferment  (especially  if  a  little  dilute 
acetic  acid  be  added),  the  amount  of  ferment,  or  of  active  glycerine  extract,  that  can  be 
obtained  at  any  given  time  from  the  gland,  rises  and  sinks  pari  passu  with  the  size  of 
the  inner  zone :  -  To  obtain  an  actively  proteolytic  extract  of  the  pancreas,  the  animal 
must  be  killed  towards  the  close  of  the  digestive  period.  It  is  true,  as  above  stated,  that, 
if  the  extract  is  made  while  the  gland  is  still  warm  from  the  body,  such  extract 
will  still  be  but  slightly  active  (though,  if  diluted,  it  would  subsequently  become  more  active 
through  spontaneous  evolution  of  the  ferment);  but  if  twenty-four  hours  be  allowed  to 
elapse  before  the  extract  is  made,  or  if  the  gland  be  first  rubbed  up  in  a  mortar  with  a  little 
dilute  acetic  acid,  the  extract  will  be  as  active  as  any  that  can  be  obtained. 

*  Note  -  The  term  "  zymogen  *'  will  be  used  as  a  generic  name  for  "  mother 
of  ferment,"  as  suggested  by  Dr.  M.  Foster;  and  the  several  special  produots 
will  be  called  trypsimgen,  pepsinogen,  etc. 
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CONFIRMATIVE  OBSERVATIONS  on  the  GASTRIC  &  SALIVARY  GLANDS. 

Gastric  Glands.  -  Pepsinogen. 

We  must  now  cease  to  iay  stress  on  the  former  division  of  these  glands  into  peptic  (or  cardiac) 
^  imicoiis[pv  pyloric),  and  discard  the  special  application  of  the  term  peptic''^  to  thoso 
large  ovoid  grannlar  cells  which  line  the  middle  part  of  the  cardiac  glands  ;  and  this  for 
the  f  ollowino'  reasons ;  - 

(1)  .  -  Peptic  zymogen,  or  _peJ)smogen,  is  formed  alike  in  all  these  glands,  in  cer- 
tain proportions  at  least :  -  An  acid  infusion  of  the  pyloric  end  of  the  stomach,  though 
at  first  without  any  action  on  albuminoids,  soou  becomes  peptic. 

(2)  .  ~  Of  the  two  kinds  of  cells  which  line  these  glands,  those  smaller  &  more 
regularly  cuboid  cells,  which  line  the  deeper  or  more  central  part  of  the  cardiac  glands 
and  also  the  pyloric  glands  throughout,  and  which  have  hitherto  been  called  simply 
the  "central  cells"  &  considered  to  be  unimportant,  are  really  the  more  important  & 
properly  peptic  :  -  During  digestion  they  become  loaded  with  granular  deeply  staining 
proteid  material,  -  doubtless  pepsinogen,  due  to  the  transformation  of  the  cell-proto- 
plasm. In  starving  animals,  on  the  contrary,  they  are  pale,  shrunken,  less  granular, 
and  less  capable  of  being  stained  with  carmine. 

During  digestion,  the  lumen  of  the  pyloric  glands  also  becomes  filled  with  similar 
granular  material :  T  his  material  is  not  digested  food  about  to  be  absorbed,  as  was  once 
believed ;  for  it  also  makes  its  appearance  after  mechanical  irritation  of  the  mucous 
membrane  of  the  empty  stomach. 

Salivary  Glands.  -  Ftyalogen.^ 

The  submaxillary  gland,  when  at  rest,  presents  two  kinds  of  cells :  -  The  cells  near  the  lumen 
of  the  tubes  are  regular  in  shape,  transparent  or  slightly  striated,  and  not  easily  stained 
with  carmine;  those  near  the  basement  membrane  are  smaller,  flattened  or  half-moon 
shaped,  and  more  easily  stained.  After  the  gland  has  been  stimulated  for  some  time 
through  the  chorda  tympaui,  the  half-moon  cells  have  disappeared,  and  the  cells  near 
the  lumen  are  distended  with  granular  material,  more  readily  stained,  and  less  distinct 
in  outline:  The  granular  material  of  the  half -moon  cells  has  passed  into  the  more  super- 
ficial cells,  or,  possibly,  the  supei'ficial  cells  have  been  shed,  and  the  half-moon  cells  have 
takan  their  places. 

Note.  -  Ifc  must  be  remembered  that  the  amylolytic  ferment  is  absent 
from  the  saliva  of  many  animals,  and  that  a  doubt  is  thrown  therefore 
upon  the  relations  which  the  above  changes  bear  to  the  production  of 
this  ferment :  The  term  "ptyalogen"  may  possibly  be  misappliod. 
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ABSORPTION,  etc. 


Modem  Views  on  the  Mode  of  Entrance  of  the  Chyle  into  the  Lacteals. 

I.  -The  lymphatic  spaces  or  " saf tcanalchen "  of  the  retiform,  lymphoid,  or  adenoid 
tissue  of  the  villus  (Recklinghausen)  are  in  direct  continuity  with  the  central  lacteal,  which 
latter  opens,  on  the  other  hand,  into  the  submucous  lymphatic  plexus,  from  which  the  larger 
lymphatics  arise.    The  only  point  to  be  explained  is  therefore  the  entrance  of  the  chyle  into 

^  ■  the  lymphatic  spaces  or  saftcanalchen  of  the  retiform  tissue.  -  Tliis  is  the  view  taken  by 

Dr.  Michael  Foster. 

II.  -  The  lacteal  has  a  complete  wall  of  its  own  formed  of  flattened  cells  united  by  a 
small  amount  of  intercellular  substance,  and  therefore  is  not  in  direct  continuity  with  the 
superficial  lymphatic  spaces,  or  saftcanalchen.  Two  points,  therefore,  require  explanation, 
namely,  (1)  the  entrance  of  the  chyle  into  the  superficial  lymphatic  spaces  or  saftcanalchen, 
and  (2)  the  passage  of  the  chyle  from  saftcanalchen  into  the  lacteal  proper.  -  This  is  the 
view  taken  by  Prof.  Shafer. 

III.  -  The  latter  view  is  completed  by  the  following,  also  based  upon  Prof.  Shafer's 
observations  :  -  The  fat-globules  of  the  chyle  first  penetrate  into  those  amoeboid  lymph- 
corpuscles  which  pass  up  between  the  columnar  epithelium  cells  on  the  surface  of  the  villus, 
and  are  then  carried  into  the  lacteals  by  these  amoeboid  lymph-corpuscles,  just  as  minute  solid 
bodies  are  carried  by  white  blood-corpuscles  out  of  the  blood-vessels  into  the  lymphatics. 

III.  -  The  penetration  of  the  fat-globules  into  the  lacteals  is  aided  by  the  peristaltic 
movements  of  the  intestine,  and  by  the  suction-pump  action  of  the  longitudinal  muscular 
fibres  of  the  villi,  which  action  occurs  whenever  these  fibres  relax  after  contracting. 

IV.  -  With  reference  to  the  penetration  of  the  fat-globules  into  the  epithelial  cells  of  the 
villus,  believed  in  by  Dr.  M.  Foster  and  by  most  physiologists,  and  to  their  passage  through 
these  cells  into  the  lymphoid  tissue.  Prof.  Shafer  remarks  that,  at  a  later  stage  of  digestion, 
fat-globules  are  found  in  the  epithelial  cells  of  the  gall-bladder  &  bile  ducts,  into  which 
they  cannot  have  penetrated  by  absorption,  and  in  which,  therefore,  they  must  have  been 
formed  de  novo. 

The  apertures  once  believed  to  exist  on  the  free  surface  of  the  epithelial  cells  are 
now  shown  not  to  exist.  The  circumstance  which  led  to  the  belief  in  these  apertures  is  the 
presence,  on  the  free  surface  of  the  cells,  of  a  layer  of  highly  refracting  substance  marked 
with  vertical  strice. 


Vomiting. 

Four  acts  or  stages  may  be  recognised  \  - 

I.  -  Air  is  introduced  into  the  stomach 

A.  -  By  a  copious  flow  of  s diva ,  which  saliva  is  sivallowed; 

B.  -  By  Retching. 

Retching  consists  in  deep  inspiratory  efforts,  during  which  the  glottis  is  closed.  By 
this  means  air  is  drawn  into  the  pharynx,  whence  it  is  swallowed. 

II.  -  The  cardia  is  suddenly  dilated  by  the  action  of  the  longitudinal  fibres  of  the  CBSO- 
phagus  &  radiating  fibres  of  the  stomach  :  -  This  can  be  felt  to  be  the  case  if  the  finger  be 
introduced  into  the  stomach  through  a  fistula.  Vomiting  becomes  very  difficult  if  the  above 
mentioned  fibres  be  divided  or  crushed  by  means  of  a  tight  ligature  applied  for  a  few  seconds 
(Schifif). 

III.  -  The  diaphragjji  being  supported  by  the  air  retained  in  the  thorax  through  t/ie  closure  of 
the  glottis  (and  also  somewhat  depressed  by  a  previous  inspiration),  the  abd07ninal  muscles 
contract  violently^  ar.d  compress  the  st<»mach  against  the  diaphragm.  The  muscular  walls 
of  the  stomach  contract  afc  the  same  time. 

IV.  -  The  mck  is  stretched,  the  month  is  widely  opened,  the  posterior  pillars  of  the  fauces  are 
afjprox'-ffiaie^.  The  escape  of  a  little  air  from  the  air-passages  further  protects  them  against 
t>>e  intrusion  of  the  vomit. 

These  combined  movements  may  be  supposed  to  be  governed  hj  Si,  "  vo?;iiiing  centre 
closely  associated  with  the  respiratory  centre. 
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LYMPHATICS  &  LAOTEALS. 


Their  peripheral  origins  have  not  yet  been  clearly  made  out.  It  is  probable,  however,  that 
they  arise  as  follows,  i.e. :  -  beneath  the  skin  and  mucous  dr'  serous  membranes,  in  closely  meshed 
networks ;  -  in  the  substance  of  the  oi'gans^  in  irregular  lacunar  spaces  or  chinks  comprised  between 
the  constituent  elements  of  the  organs,  but  probably  lined,  nevertheless,  with  a  layer  of  squamous 
epithelium;  -  in  the  centre  of  the  villi,  in  blind  dilated  extremities.  A  good  deal  has,  however, 
been  said  lately  (Heidenhain,  Briicke,  Funke,  and  others),  about  a  direct  communication  being 
established  between  the  cavity  of  the  villi  &  that  of  the  intestine  through  apertures  on 
the  free  extremity  of  the  epithelial  cells  which  cover  the  villi  and  through  a  system  of  con- 
uective  tissue  corpuscles  which  join,  by  means  of  their  caudate  prolongations,  the  cavity  of 
the  epithelial  cells  to  that  of  the  central  lacteal. 

They  present  three  coats  :  - 

External  Coat -Formed  of  white  &  yellow  elastic  fibrous  tissues  longitudinally  or  obli- 
quely disposed; 

Middle  Coat  -  Formed  of  muscular  fibres  and  white  &  yellow  elastic  fibrous  tissues  cir- 
cularly  disposed; 

Inner  Coat  -  Consisting  of  an  elastic  layer  longitudinally  disposed  and  of  a  layer  of 
squamous  epithelium.  -  The  two  inner  coats  form  the  valves,^  which  are  usually 
placed  in  pairs. 

The  lymphatic  glands  present,  according  to  His,  Teichmann,  Frey,  &  others,  the  following  parts 
for  examination,  viz :  - 

Fibrous  Capsule  -  Which  is  continuous  with  the  coats  of  the  afierent  &  efferent  vessels, 
and  which  sends  lamellas  into  the  cortical  portion  of  the  gland;  these  lamellas 
bound  alveolar  spaces  communicating  freely  with  each  other  and  continuous  both 
with  the  afferent  &  the  efierent  vessels. 

Medullary  Substance  -  Consists  of  a  reticulum  of  connective  tissue  fibres  in  the  inter- 
stices  of  which  are  numerous  lymph-corpuscles.  This  medullary  substance  occu- 
pies the  centre  of  the  gland,  and  sends  out  irregular  prolongations  into  the  alveoli, 
which  prolongations  nearly  fill  up,  but  do  not  completely  fill  up,  these  alveoli. 
Between  them  &  the  parietes  of  the  alveoli  are  comprised  a  series  of  irregular 
spaces  forming  the 

Superficial  Lymph-path  op  Frey -This  latter  is  continuous  both  with  the  aSerent  & 
the  eff'erent  vessels;  it  is  traversed  by  a  few  nucleated  cells  with  anastomosing  pro- 
longations, and  contains  a  few  lymph-corpuscles.  It  is  through  this  superficial 
lymph  path  that  the  lymph  or  chyle  usually  circulates.  During  the  height  of 
digestion,  however,  and  when  the  nutrition  is  particularly  active,  a  considerable 
portion  of  the  fluid  percolates  through  the  interstices  between  the  connective 
tissue  fibres  of  the  medullary  substance,  which  latter  interstices  constitute  the 

Deep  Lymph-path  of  Frey  -  In  which  deep  lymph  path  the  lymph  or  chyle  comes  into 
intimate  contact  with  the  lymph-corpuscles  &  with  the  vessels,  both  of  which 
are  most  abundant  in  this  part  of  the  gland. 
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LYMPH  &  CHYLE. 


In  the  smallest  lymphatics  the  lympn  is  a  transparent,  colourless  albuminous  fluid,  slightly  alkaline,  not 
spontaneously  coagt^^ble,  but  coagulable  by  heat.  Chyle  is  very  similar  to  it  in  the  smallest  lacteals,  its 
main  peculiarities  being  that  it  contains  half  as  much  again  of  albumen,  a  la7-ge  proportion  of  oil 
globules  and  also  a  multitude  of  minute  fatty  particles  forming  what  is  called  its  molecular 
base  (Gulliver)  and  to  v^hich  its  opacity  is  due. 

As  the  lymph  and  chyle  pass  through  the  lymphatic  glands,  ly7nph  and  chyle  corpuscles  &'  fibrin 
are  formed  in  them,  and  they  become  spontaneously  coagulable,  -  The  farther  they  advance 
the  more  white  corpuscles  &  the  more  fibrin  they  contain,  and,  in  the  case  of  the  chyle, 
%  the  fewer  fatty  globules.  The  two  fluids  then  become  very  similar  to  each  other,  and  also 
very  similar  to  the  blood,  especially  in  the  thoracic  duct,  where  the  lymph  takes  a  pinkish 
tinge  through  the  transformation  of  a  few  lymph  corpuscles  into  red  blood  corpuscles.  When 
the  fluid  from  the  lymphatic  system  is  poured  into  the  veins,  it  is  therefore  rudimental  ^blood, 
containing,  however,  but  |  or  ^  as  much  solid  matter.  -  The  quantity  of  mingled  lymph  & 
chyle  poured  into  the  veins  is  estimated  in  man  at  about  30  lbs.  daily. 

The  evolution  of  the  lymph  &  chyle  corpuscles  is  a  point  of  some  interest.  They  are  at  first  mere 
nuclei,  and  are  not  acted  upon  by  acetic  acid.  As  they  progress  they  enlarge  and  acquire  an 
albuminous  coating,  which  coating  is  progressively  transtormed  into  a  distinct  cell-wall.  They 
are  then  opaque  &  granular,  and  their  nucleus  is  out  of  sight ;  but  acetic  acid  brings  the  nu- 
cleus into  view  by  rendering  the  mass  of  the  cell  transparent.  It  is  probable  that  these  cor- 
puscles are  finally  transfoi'?ned  into  the  red  corpuscles  of  the  blood. 

The  progression  of  the  fluid  in  the  lymphatics  &  lacteals  is  due  both  to  a  vis  a  tergo  and  to  a  vis  a 
fronte.  The  vis  a  tergo  results  from  the  conjoined  action  of  the  valves  and  of  the  muscular 
fibres  of  the  middle  coat,  the  action  of  the  latter  being  aided  by  occasional  pressure  from  with- 
out. The  muscular  fibres  of  the  villi  also  constitute  minute  force-pumps  protebly  stimulated 
into  action  by  the  irritating  properties  of  the  bile  (Schifi).  The  vis  a  fionte  results  from  the 
movement  of  the  blood  in  the  subclavian  veins  and  also  from  the  aspiration  or  suction  in- 
duced by  the  respiratory  movements.  The  pressure  in  the  large  lymphatics  of  the  neck  is  equal 
to  the  weight  of  a  column  of  water  from  \  inch  to  \\  inches  in  height  (Noll),  and  the  rapidity  of  the. 
current  in  the  same  vessels  is  about  l-6th  of  an  inch  per  second  CWeiss). 
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Is  on  the  one  hand  the  function  by  which  fresh  materials  from  the  food  ^  the  etir  xt%  ^tm^sid  mi» 
the  blood  &  subsequently  taken  up  by  the  tissues,  and  on  the  other  hand  the  func^oai  fej  which 
the  products  of  organic  disintegration  are  taken  up  into  the  blood  to  be  subsequently  Te-elabs^rated 
or  excreted.  ^ 

It  is  far  from  being  a  purely  vital  process :  -  If  a  portion  of  a  vascular  tissue  be  coEipletely  remored 
from  the  body  and  placed  in  water  after  its  vessels  have  been  tied,  water  will  pass  into- 
these  vessels,  while  the  colouring  matter,  the  albumen,  &  the  salts  of  the  blt)od  will  pacB  out 
into  the  water.  Also  if  venous  blood,  in  a  moist  bladder,  be  suspended  in  the  air,  the  surface 
of  the  blood  will  become  reddened  by  the  absorption  of  oxygen  from  tl;^  airj,  aBd  caarbciu© 
acid  &  watery  vapour  will  pass  out  into  the  surrounding  atmosphere^ 

Absorption  is  governed  by  the  laws  of  osmosis  applicable  to  the  human  body :  — 

As  a  general  rule  a  substance  to  be  absorbed  must  either  be  in  a  fluid  or  ^mom  slate^ifc 
must,  if  in  a  solid  state,  be  soluble  in  the  fluids  of  the  parts  with  which  it  comes  in  contactu  - 
Insoluble  substances  in  a  state  of  minute  division  such  as  particles  of  finely  divided  charcoaS 
may  pass,  however,  either  into  the  veins  or  into  the  lacteals;  into  the  lattter,  f)exiiaps, 
through  the  apertures  recently  described  by  Heidenhain  &  Brucke. 

The  less  dense  the  fluid  to  be  absorbed  and  the  thinner  the  layer  of  tissues  that  Uebetwemii 
&  the  fluid  in  the  vessels,  the  more  quickly  absorption  takes  place  r  -  Water  is  absorbed  more 
rapidly  than  saline  solutions,  and  is  absorbed  more  rapidly  through  the  mMcoms  zstembraiid 
of  the  stomach  than  through  the  skin. 

Diminished  internal  pressure  increases ^  and  increased  internal  pressure  diminishes ^  the  ra^  ^ ss^svrpiim. 
Bleeding  &  fasting  accelerate,  a  good  meal  or  the  injection  of  water  into  4h©  veins  retards, 
the  action  of  poisons. 

All  other  conditions  being  the  same,  absorption  into  the  fluids  circulating  in  the  vessels  of  ih^  hody  is 
much  more  rapid  than  is  the  osmotic  current  in  an  ordinary  osmometer,  for  the  fluid  in  tb© 
vessels,  being  constantly  renewed^  is  maintained  at  a  low  degree  of  saturatioB  &  deBsaij, 
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ABSORPTION  from  the  INTESTINE. 


'Sphere  is  considerable  difference  in  the  case  of  the  intestinal  canal,  between  the  absorption  by  the 
ve'.ns  and  that  by  the  lacteals.  Here,  as  elsewhere,  the  veins  absorb  indiscritninately  all  that 
comes  in  contact  with  them.  The  lacteals,  on  the  contrary,  woald  appear  to  exercise  a  kind  of 
choice  over  the  substances  they  admit  into  their  interior  :  -  Odorous  &  saline  matters  injected 
into  the  intestine  are  found  early  in  the  vena  portae,  much  later  in  the  thoracic  duct;  if 
strychnia  be  used,  poisoning  will  take  place  in  a  few  minutes  if  the  veins  be  not  interfered 
with,  in  about  an  hour  only,  if  they  be  tied.  On  the  other  hand,  the  fatty  matters  of  the 
chyle  are  absorbed  in  abundance  by  the  lacteals,  while  they  are  scarcely  taken  up  by  the 
veins.    In  the  Author's  opinion  there  is,  however,  no  such  thing  as  selection  or  choice  on  the 

,.part  of  the  lacteals.  These  vessels,  he  believes,  absorb  quite  as  indiscriminately  as  do  the  veins  ; 
they  even  absorb  with  greater  ease  than  do  the  veins  on  account  of  a  nearly  complete  absence 
of  internal  pressure.    Do  they  not  take  up  the  fatty  matters,  which  the  veins  do  not  take  up 

•or  scarcely  take  up?  It  is  th.G  conveyance  of  the  absorbed  Jltcids  towards  the  large  tnmks^m'h.eYe 
alone  they  can  well  be  sought  for,  and,  in  the  case  of  poisons,  it  is  their  conveyance  towards 

•  the  central  organs,  upon  which  alone  they  act,  that  is  retarded  by  the  ligature  of  the  veins, 
:and  the  delay  is  due  to  the  slowness  of  the  circulation  in  the  lymphatic  &  lacteal  vessels. 
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STARVATION. 


SYMPTOMS. 

Objective  &  subjective ;  the  former  to  be  observed  in  animals  only,  the  latter  to  be  subsequently 
ascertained  from  man  only.    By  co-ordinating  both  groups  of  symptoms,  the  follow- 
ing Tableau  may  be  sketched : 

For  first  day  or  two  :- 

Wild  &  ravenous  craving  for  food;  eyes  bright  &  staring; 

Yiolent  epigastric  pain,  relieved  by  pressure ; 
Then  follow  :- 

Intense  thirst,  and  sinking  at  pit  of  stomach. 

Secretions  fail :  urine  scanty  &  strongly  acid,  mouth  dry  and  parched. 

Faeces  reduced  in  quantity,  and,  after  first  day,  consist  almost  entirely  of  biliary  matter. 

Circulation  &  respiration  slacken,  and  temperature  falls  gradually. 

Tissues  waste  :  eyes  and  cheeks  sink,  the  more  prominent  bones  project. 

Extreme  debility  &  prostration ;  indifEerence  to  impending  fate. 

Diarrhaea  ;  body  covered  with  a  dirty  brownish  secretion,  and  exhales  a  foetid  odour. 
Stupor,  with  opisthotonic  convulsions,  or  delirium ;  pupil  dilates. 

Death  usually  within  eight  or  ten  days  in  man,  preceded  by  great  &  sudden  fall  of  temper- 
ature— 25°  in  the  last  twenty-four  hours. 

POST-MORTEM  APPEARANCES  (Common  to  Man  &  Beast). 

Skin  pale,  dry,  and  wrinkled. 

Body  has  lost  from    to  f  of  its  weight;    Sometimes  as  much  as  ^  ;      of  the  fat,  and  |  of 
the  blood  have  disappeared.    The  larger  glands,  spleen,  liver,  pancreas,  have  lost 
from  -jS^  to  -j-'^ ;  the  heart  has  lost  about       the  lungs  about  -^^^  the  nerve-centres 
only  about  -^q.  -  The  vascularity  of  these  latter  organs  is  normal ;  all  the  others  are 
anaemic.    The  large  vessels  are  bloodless  &  collapsed. 
The  stomach  &  intestine  are  empty  &  contracted ;  their  coats  are  thinned  -  those  of  the 
intestine  are  sometimes  almost  transparent,  -  and  their  mucous  membrane  is  fre- 
quently ulcerated. 

The  gall-bladder  is  distended,  and  the  adjoining  parts  are  tinged  with  bile. 
Occasionally  the  eyes  are  open,  and  the  conjunctiva  intensely  red.   The  mucous  membrane 

of  the  lips  &  anus  are  sometimes  similarly  inflamed. 

Decomposition  sets  in  quickly. 

ADDITIONAL  NOTES  -  Death  seems  to  result  from  the  lowering  of  the  temperature  consequent 
upon  the  exhaustion  of  the  supply  of  combustible  material,  e.,  fat;  scarcely 
any  fat  is  to  be  found,  except  in  the  brain.  The  duration  of  life,  and 
also  the  amount  of  weight  lost,  are  mainly  dependent  therefore  upon  the 
amount  of  fat  previously  accumulated  in  the  cellular  &  other  tissues.  -  Up  to 
the  time  of  death  the  whole  energy  of  nutrition  appears  to  be  concentrated 
on  the  neffve-centres.  -  Young  animals,  whose  nutritive  functions  are  more 
active,  die  sooner  than  adults ;  cold-blooded  animals  may  live  several  months 

without  food. 

If  water  can  be  obtained,  life  is  prolonged,  at  least  in  the  case  of  man,- 
sometimes  for  two  or  three  weeks.  -  A  supply  of  water  scarcely  prolongs  the 
life  of  animals,  though  it  diminishes  somewhat  the  dessicatiou  of  the  tissues. 


SECRETION. 
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SECRETION  in  GENERAL 


la  the  process  by  wMcli  materials  are  separated  from  the  blood  for  the  purpose  either  of  serving 
some  special  office,  or  of  being  discharged.  Secretions  may  therefore  be  divided  into 
secretions  proper  &  excretions. 

The  secretions  proper  do  not  pre-exist  in  the  blood,  but  originate  in  the  very  act  of  secretion. 
The  excretions,  on  the  contrary,  consist  of  substances  which,  at  least  to  a  great  extent,  are 
found  ready  formed  in  the  blood. 

The  act  of  secretion  proper  consists  in  the  production  &  subsequent  exuviation  of  cells,  which 
may  be  considered  to  stand  in  the  relation  of  epithelial-cells  to  those  prolongations  of  skin 
or  mucous  membrane,  which  form  the  secreting  follicles. 

In  its  typical  forms — cutaneous  perspiration,  lachrymal  fluid — excretion  proper  is  little  more 
than  a  mere  process  of  transudation  or  dialysis  :  in  the  excreted  fluid  no  exuviated  cells  are 
detected,  nor  does  the  epithelial  lining  of  the  glandular  tubes  show  sign  of  active  change. 
Even  in  these  cases,  however,  and  a  fortiori  in  the  less  typical  forms  of  excretion,  it  must  be 
admitted  that  the  gland-cells  are  adapted  to  separate  from  the  blood  products  of  a  certain 
kind  only.  There  is  therefore  no  absolute  distinction  between  secretion  &  excretion ;  neither 
is  there,  in  fact,  any  essential  diflEerence  between  secretion  and  the  ordinary  processes  of 
nutrition  :  both  are  eflEected  by  the  production  &  subsequent  agency  of  cells,  whose  functions 
are  more  or  less  transitory. 

The  solids  eliminated  in  the  secretions  consist  to  a  great  extent  of  the  albuminoid  materials  of 
the  blood,  either  but  slightly  modified  and  not  lowered  in  chemical  composition — casein  of 
the  milk, — or  in  the  first  stage  only  of  retrograde  metamorphosis — the  digestive  ferments, 
ptyalin,  pepsin,  pancreatin,  etc.  The  solids  eliminated  in  the  secretions  are,  on  the  contrary, 
non-nutritive  &  non-organisable,  of  simple  atomic  constitution,  and  usually  crystalisable. 

For  influence  of  the  Nervous  System  over  the  Process  of  Secretion,  Vide  "  Functions  of  the  Sym- 
pathetic." 
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,  If . 

THE  VASOULAH  or  BLOODLESS  GLANDS. 


(Spleen,  Thymus  &  Thyroid  Bodies,  and  Supra-renal  Capsules.) 

Probably  jSU  the  same  functions  with  regard  to  the  blood  vessels  as  do  the  lymphatic  glands 
with  regard  to  the  lymphatics  &  lacteals :  as  the  latter  restore  to  the  lymph  &  chyle  any 
substances  they  withdraw  from  them,  so  do  also  the  former  with  regard  to  the  blood. 

They  probably  elaborate  the  albuminous  or  formative  materials  of  the  blood.  This  is 
indicated  by  the  finely  granular  aspect  of  the  albuminous  plasma  they  contain. 

They  probably  supply  the  germs  of  the  white  or  lymph  corpuscles,  and  of  those  corpuscles 
which  ultimately  become  converted  into  red  blood  corpuscles.  This  is  indicated  by  the 
large  number  of  nucleated  &  non-nucleated  cells  and  free  nuclei  contained  in  the  above 
plasma.  Leucocythemia  also  is  almost  always  associated  with  hypertrophy  of  one  or 
other  of  these  bodies. 

They  are  largest  &  most  active  during  embryonic  life  &  childhood,  and  when  the  nutritive 
functions  are  most  actively  carried  on  j  the  thymus  indeed  begins  to  waste  after  the 
second  year. 

For  further  details  see  "Functions  of  the  Spleen." 
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FUNCTIONS  of  the  SKIN-lst  Tablet. 


The  skin  may  be  described  as :  - 

1.  A  toughy  fiexihlci  6^  highly  elastic  coverings  which  serves  for  the  protection  of  the  deeper  stmc- 

tores. 

2.  The  principal  seat  of  the  sense  of  touch, 

3.  An  important  excretory  organ. 

4.  An  absorbing  organ. 


CUTANEOUS  EXCRETIONS : 


The  cutaneous  excretions  "consist  6f  secretions  ol  ihQ  sebaceous  ^  sudt(r{parou^gl<inds 
and  hair  follicles,  of"  a  large  amount  of  watery  vapour  probably  excreted  by  simple 
transudation,  and  of  a  relatively  small  amount  of  carbonic  acid  gas. 

Secretions  of  the  Sebaceous  Glands  &  Hair  Follicles  -  The  two  cannot  be 

separated,  since  the  ducts  of  the  sebaceous  glands  usually  open  into  the  hair 
follicles.  -  They  consist  of  cast  off  epithelial  cells  with  various  nuclei  &  granules^ 
together  with  oily  ^  extractive  matters,  and,  in  certain  parts,  2u  peculiar  odorous 
principle.  -  These  secretions  keep  up  the  softness  and  flexibility  of  the  skin 
&  hair. 

Secretion  of  the  Sudoriparous  Glands,  and  Watery  Vapour  excreted 

by  Simple  Transudation  (The  two  cannot  be  estimated  separately).  - 

The  fluid  secreted  by  the  sudoriparous  glands  contains  water,  acetic,  butyric 
^  formic  acids,  urea,  &  salts  (of  which  the  chlorides  of  sodium  &  potassium 
are  by  far  the  most  abundant),  and  a  little  fatty  matter,  which  is  probably 
derived  from  the  sebaceous  glands.  -  This  fluid  is  usually  formed  so  gradually, 
that  its  watery  portion  disappears  by  evaporation  as  fast  as  it  is  poured  out ; 
the  perspiration  is  then  said  to  bs  "  insensible."  The  perspiration  is  said  to 
be  "sensible"  when,  from  being  more  abundant  through  exercise  or  exposure 
■  '  to  heat,  or  through  the  evaporation  being  arrested,  it  collects  on  the  surface 
^■f\  -..  of  the  skin  in  the  shape  of  drops  of  fluid.  -  The  quantity  cf  watery  vapour 
excreted  by  the  skin  is  greatly  influenced  by  the  external  temperature,  and 
f  the  state  of  dryness  or  moisture,  or  of  stillness  or  motion  of  the  atmosphere; 
it  is,  on  an  average,  once  a  half  that  excreted  by  the  lungs  in  the  same 
time,  the  mean  average  being  11  grains  a  minute  (7  grains  being  erected  by 
the  lungs  -  Lavoisier  &  Sequin),  or  If  lbs,  a  day.  -  It  appears  almost  im- 
possible that  such  an  amount  be  evaporated  from  off  the  surface  of  the 
sudoriparous  glands  only,  the  total  evaporating  surface  of  which  is  not 
estimated  at  more  than  eight  square  inches ;  it  is  believed,  therefore,  that 
a  large  proportion  of  the  water  passes  through  the  cuticle  by  simple 
transudation. 


Carbonic  Acid  -  is  abundantly  excreted  in  the  lower  animals,  more  particularly  in  the 
naked  amphibia,  such  as  frogs  &  toads.  Frogs  will  continue  to  live,  and  to 
excrete  carbonic  acid  through  their  skin,  for  several  hours  after  their  lunga 
have  been  tied  and  cut  out.  -  The  cutaneous  exhalation  of  carbonic  acid  is 
also  considerable  in  the  higher  animals,  for  if  in  these  the  skin  be  covered 
with  an  impermeable  varnish,  or  the  body  be  enclosed  in  a  coutchouc  bag,  the 
head  alone  being  left  out,  the  animals  soon  die  as  if  asphyxiated,  the  heart 
&  lungs  becoming  gorged  with  dark  blood  and  the  temperature  falling  by 
several  degrees.  -  In  man  the  cutaneous  exhalation  of  carbonic  acid  is  ^th 
(Regnault  &  Reisset),  or  even  ^'-^th  (Scharling  &  Hanover),  of  the  pul- 
monary. 


I 
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FUNCTIONS  of  the  SKIN-2nd  Tablet. 


ABSORPTION  BY  THE  SKIN. 


The  skin  is  continually  absorbing  oxygen  from  the  air,  and  may  be  made  to  absorb  waUrt 
metallic  ^  other  preparations^  divers  gases^  etc. 

Oxygen,  -  The  quantity  of  oxygen  absorbed  by  the  skin  is  very  considerable  in  the  naked 
amphibia,  and  probably  corresponds  in  those  animals  to  the  quantity  of  carbonio 
acid  excreted  in  the  same  time.  In  the  higher  animals  it  is  much  less,  even  less, 
perhaps,  than  the  quantity  of  carbonic  acid  excreted. 

Water.  -  Though  for  a  long  while  a  disputed  point,  the  absorption  of  water  by  the  skin  is  now 
clearly  made  out.  The  body  rapidly  increases  in  weight  when  immersed  in  a  bath  the 
temperature  of  which  is  lower  than  its  own.  When,  however,  the  temperature  of 
the  bath  is  higher  than  that  of  the  body  the  latter  loses  weight,  for  the  excretions 
by  the  skin  &  lungs  are  then  so  far  increased  as  to  outweigh  the  absorption 
(B^clard);  the  apparently  contradictory  results  of  former  experiments  are  thus 
explained.    Immersion  into  cold  or  tepid  water  is  a  means  of  assuaging  thirst. 

Metallic  &  other  Preparations  -  Are  easily  absorbed  through  the  skin,  especially  when, 
by  the  action  of  rubbing  they  are  partly  conveyed  into  the  orifices  of  the  glands ; 
when  rubbed  into  the  skin  potassio-tartrate  of  antimony  excites  vomiting,  croton 
oil  purges,  the  preparations  of  arsenic,  lead,  etc.,  produce  their  poisonous  effects ; 
mercury  is  thus  administered  in  many  cases  of  syphilis. 

Divers  Gases.  -  When  the  hand  is  held  in  oxygen,  nitrogen,  carbonic  acid,  suphuretted 
hydrogen,  etc.,  contained  in  glass  jars  over  mercury,  the  volume  of  the  gases 
rapidly  diminishes. 


60 


THE  URINARY  EXCRETION. 


Urine  is  an  excrementitious  Jiuid  by  which  are  eliminated  from  the  body :  -  the 

Superfluous  water  of  the  blood ; 

Saline  compounds  introduced  into  the  system  or  generated  therein ; 

Effete  azotised  products  of  the  respiratory  combustion,  resulting  from  the  disintegra- 
tion of  the  blood  &  tissues; 

Also  some  non-nitrogenous  respiratory  products,  which  are  especially  ahnndant 
when  either  respiration  or  the  action  of  the  liver  is  insufficient. 
The  formation  of  urine  in  the  kidneys  is  incessant,  as  is  also  its  passage  into  the  bladder.  This  was 
shown  long  ago  in  animals  by  the  uninterrupted  flow  of  urine  which  is  seen  to  pass  from  the 
ureters  when  they  are  withdrawn  from  the  abdomen  &  divided,  and  has  been  demonstrated 
more  recently  by  Stehberger  and  Erichsen  in  cases  of  ectopia  vesicce  in  man.  During  fasting 
two  or  three  drops  of  urine  per  minute  are  then  seen  to  pass  from  the  ureter  into  the  bladder, 
each  drop  momentarily  raising  the  papilla  on  which  the  ureter  opens.  In  the  recumbent 
position  the  regular  &  incessant  dropping  is  replaced  by  less  time-regulated  jets,  the  tirine 
first  accumulating  in  the  ureters,  and  being  expelled  only  when  these  contract,  or  when  ex- 
ternal pressure  is  brought  to  bear  upon  them,  as  in  coughing  or  straining,  or  in  deep  in- 
spirations. A  short  time  after  drinking  freely  the  urine  passes  from  the  ureters  in  an 
almost  continuous  stream. 
The  urine  accumulates  in  the  bladder,  the  distention  of  which  is  felt,  by  a  transferred  sensation, 
at  or  near  the  end  of  the  penis,  and  from  whence  it  is  voided  by  the  partly  voluntary  and 
partly  reflex  contraction  both  of  the  abdominal  muscles  &  of  the  muscular  walls  of  the 
bladder.  These  latter  contain  non-striated  fibres  only,  and  though  supplied  to  a  great 
extent  by  spinal  nerves,  they  contract  but  slowly  under  the  influence  of  the  will. 

Under  ordinary  circumstances  the  escape  of  urine  is  prevented  by  the  moderate  ( tonic )  contraction 
of  the  sphincter  vesicce,  the  fibres  of  which,  as  well  as  the  other  muscular  fibres  of  the  bladder, 
are  under  the  influence  of  the  vesical  centre  contained  in  the  lumbar  portion  of  the  cord :  - 
This  sphincter  will  usually  resist  the  pressure  of  a  column  of  water  of  from  18  inches  in 
height  (rabbit)  to  30  inches  (dog)  ;  but  if  the  vesical  centre  be  destroyed,  or  the  vesical 
nerves  divided,  less  than  a  quarter  of  that  pressure  will  suflS.ce  to  overcome  the  resistance 
(Kupressow) . 

Regurgitation  of  urine  into  the  ureters  is  prevented  by  the  valvular  disposition  of  the  openings  of 
the  latter  due  to  their  passing  obliquely  for  from  ^  to  f  of  an  inch  between  the  mascular 
and  mucous  coats  of  the  bladder ;  this  obliquity  being  maintained,  according  to  Sir  C.  Bell, 
by  two  bundles  of  fibres,  the  so-called  muscles  of  the  ureters,  which,  arising  from  a  little 
behind  the  openings  of  the  latter,  converge  to  be  inserted  into  the  back  of  the  middle  lobe 
the  prostate. 
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PHYSICAL  PROPERTIES  of  URINE. 


TTrine  is  a  watery  fluid  oi  tn,  pale  yellow,  or  sometimes  of  a  brownish  or  deep  orange  colour;  limpidy 
though,  as  it  cools,  often  becoming  opaque  and  turbid,  and,  in  disease,  being  frequently 
so  when  voided;  acid,  but  becoming  rapidly  alkaline  by  decomposition.  -  The  urine 
of  carnivorous  animals  resembles  that  of  man,  but  that  of  herbivorous  animals  is 
normally  alkaline  &  turbid.  The  difference  is  occasioned  by  the  large  proportioa  of 
alkaline  salts  contained  in  vegetable  diet,  and  ceases  when  herbivorous  animals  are 
restricted  to  animal  diet,  while,  on  the  other  hand,  alkalinity  and  turbidity  of  the 
urine  immediately  appear  when  the  reverse  experiment  is  tried  (Bernard). 

The  acidity  of  the  urine  is  due  to  the  large  quantity  of  acid  phosphates  it  contains.  This 

acidity  diminishes^  and  even  sometimes  disappears,  a  few  hours  after  a  meal,  especially  when 
much  animal  food  has  been  taken,  and  a  correspondingly  large  proportion  of  the  acid 
gastric  secretion  is  required  to  digest  it  (Bence  Jones) , 

The  normal  average  specific  gravity  of  human  urine  is  1020,  and  the  normal  average  quantity 
voided  daily  is  52  ounces.  Both  vary,  however,  to  a  very  great  extent  coincidently  with  the 
quantity  of  fluid  recently  absorbed,  remaining  nevertheless  inversely  proportionate  one  to 
the  other.  -  The  urina  fotus,  which  is  excreted  shortly  after  much  drink  has  been  taken, 
is  extremely  abundant,  pale,  and  Hght.  The  urina  cibi  excreted  shortly  after  a  meal, 
contains  more  of  the  solid  constituents,  and  is  darker  and  heavier.  The  urina  sanguinis 
formed  when  neither  food  nor  drink  has  been  recently  taken,  is  intermediate  between  the 
two,  and  is  also  unmixed  with  elements  accidentally  derived  from  the  food  or  drink ;  such  is 
the  urine  excreted  from  the  kidney  in  the  morning.  The  urine  frst  voided  in  the  morning  has 
however  been  condensed  by  a  long  sojourn  in  the  bladder,  and  is  the  richest  in  solid 
materials  and  the  heaviest  of  all. 

The  quantity  of  urine  voided  is  greater,  and  its  specific  gravity  proportionately  less,  in  winter  than 
in  summer,  less  water  being  excreted  by  the  skin  and  lungs  in  the  former  season  than  in 
the  latter. 
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CHEMICAL  COMPOSITION  of  URINE-lst  Tablet. 


Urine  conaists  of  water  holding  in  solution  from  Ztol  per  cent,  of  solid  substances  ;  the  two  extreme  pro- 
portions corresponding  respectively  to  the  urina  potus  and  to  the  condensed  urine  first  voided  in  the 
morning. 

Ifce  absolute  quantity  of  solid  substances  excreted  daily  is  much  more  constant,  only  varying  normally 
between  2  and  3  ounces. 

The  water  is  believed  to  be  separated  from  the  blood  by  mere  transudation^  and  it  is  conjectured  that 
this  transudation  takes  place  more  particularly  in  the  Malpighian  bodies^  into  which  the  vascular 
tufts  or  glomeruli  project  naked  (Bowman),  or  covered  at  most  with  a  thin  layer  of  squamous 
epithelium. 

The  solid  constituents  are  believed  to  be  excreted  principally  through  the  spheroidal  epithelium  of  the  tubes. 
These  solid  constituents  are  urea,  uric  acid,  hippuric  acid,  nitrogenous  &^  non-nitrogenous  extractive  matters^ 
mucuSi  colouring  matter,  salts,  ^  medicinal  or  other  substances  taken  with  the  food  or  drink. 

Urea  -  Vide  next  Tablet. 

Uric  Acid  -  CjoH^N^Og  -  Averages  8  grs.  daily.    Is  partly  in  a  free  state,  and  partly 

combined  with  the  alkaline  phosphates. 

It  is  a  nitrogenous  compound  less  oxidised  than  urea.  Its  proportion  in  the  urine 
depends,  therefore,  on  the  one  hand,  on  the  greater  or  less  quantity  of  mtro>:enous 
food  taken,  or  the  more  or  less  rapid  disintegration  of  the  tissues,  and,  on  the  other 
hand,  on  the  greater  or  less  activity  of  the  respiratory  functions :  -  It  is  increased  by  a 

» highly  albziminous  diet,  and  in  all  febrile  conditions.  It  is  dhninished  by  active  out-door 
exercise;  it  was  increased,  however,  during  some  of  Mr.  vV eston's  walks  in  the 
Agricultural  Hall  (Ashburton  Thompson).  It  is  abundant  in  the  urine  of  reptiles, 
and  of  the  gluttonous  flesh-  &  fish-eating  birds. 

It  is  precipitated  from  the  urine  by  acids,  and,  when  in  excess,  by  cooling.  It 
then  forms  variously  shaped  crystals  more  or  less  tinged  with  the  colouring  matter  of 
the  urine. 

Hippuric  Acid  -  Averages  15  grs,  daily ;  is  less  oxidised,  but  also  less  nitrogenous  than 
either  urea  or  uric  acid.  It  is  principally  derived  ivoxo.. vegetable  diet,  and  is  abundant 
in  the  urine  of  the  horse  and  of  all  herbivorous  animals,  especially  when  they  are  at 
work.    When  benzoic  acid  is  taken  it  is  excreted  in  the  shape  of  hippuric  acid. 

Extractive  Matters  -  The  principal  nitrogenous  extractive  matters  are  Kreatin*  dr» 
Kreatinin,  which  are  both  crystallisable  substances  less  oxidised  than  either  urea  or 
nric  acid,  and  probably  the  first  products  of  decomposition  of  syntonin  or  muscular 
fibrin.  Among  the  still  simpler  forms  to  which  animal  matter  is  reduced  by  the 
respiratory  process,  which  simpler  forms  are  more  or  less  constantly  found  in  the 
nrine,  are  xanthin,  cystin,  oxalic  acid  (the  latter  when  the  respiratory  process  is  con- 
siderably disturbed),  benzoic,  lactic,  &  various  volatile  acids,  &  small  quantities  of  carbonic 
acid  &^  nitrogen. 

*  Kreatin  is  said  not  to  exist  in  fresh  urine,  and  to  result  merely  from  the  Kreatinin  taking  up 
an  additional  equivalent  of  water.  .-  Kreatin  is  a  neutral  substance,  Kreatinin  is  a  powerful  base. 
Colouring  Matter  -  Termed  uro-JicBmatin  (Harley).   Contains  iron,  and  is  separable  into 
red,  blue,  yellow  and  colourinar  mattprs ;  it  is  probably  derived  from  the  biliary  acids, 
the  injection  of  which,  into  the  blood  increases  the  quantity  of  the  urinary  colouring 
matter. 

Mucus  -  Healthy  urine  contains  a  few  epithelial  cells.  When  the  mucus  is  more  abun- 
dant it  forms  a  cloud  on  cooling ;  when  it  is  very  abundant  it  causes  the  urine  to 
decompose  while  still  in  the  bladder. 

Salts  -  From  i  to  f  of  an  ounce  daily.  Are  mainly  sulphates,  bi-phosphates  &  chlorides  of 
soda,  potash,  ammonia,  lime  &  magnesia ;  the  sulphates  forming  nearly  \,  and  the 
phosphates  &  chlorides  each  about  |  of  the  total  mass  of  the  salts.  The  sulphates  <S^ 
phosphates  are  mainly  formed  in  the  system  by  oxidation  of  the  sulphur  &  phosphorus  of 
the  food  and  tissues,  and  by  the  combination  of  the  newly-formed  acids  with  those 
alkalies  which  were  previously  combined  with  the  weaker  acids ;  their  amount  in  the 
nrine  is  mainly  dependent  therefore  upon  the  rate  of  organic  disintegration.  The  phos- 
phates are  rendered  acid  phosphates  or  bi-phosphates  by  the  appropriation  of  the  bases 
by  the  sulphuric,  uric,  hippuric  &  other  acids  above  mentioned.  Their  proportion 
appears  to  be  closely  related  to  the  amount  of  nervous  activity  displayed,  a  circumstance 
not  to  be  wondered  at  when  we  consider  the  amount  of  phosphorus  contained  in 
nervous  tissue  and  necessarily  set  free  by  its  disintegration.  The  earthy  phosphates 
bear  but  a  small  proportion  to  the  alkaline,  varying  in  amount  with  the  quantity  of 
earthy  salts  contained  in  the  food.  The  chlorides  are  mainly  derived  from  the  food; 
of  the  chloride  of  sodium  ingested,  a  part  is  decomposed  in  the  system,  whereby 
hydrochloric  acid  is  supplied  to  the  gastric  juice,  and  soda  to  the  bile  ;  much  of  the 
hydrochloric  acid  must  however  reunite  with  its  base  in  the  alimentary  canal,  and 
then  doubtless  be  reabsorbed  with  the  products  of  digestion.  ^ 
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CHEMICAL  COMPOSITION  of  URINE-2ncl  Tablet. 


Urea  -  CH^N^O  -  Averages  tipwards  of  an  ounce  daily  in  the  male  adxHt,  and  thus  fonxm 
nearly  one  half  of  all  the  solids  of  the  urine.  ^ 

Chemically^  it  is  identical  in  composition  with  cyanate  of  ammonia ;  or  it  may  bo 
considered  as  the  amide  of  carbonic  acid. 

Physiologically y  it  is  the  most  completely  oxidised  introgenons  substance  found 
in  or  derived  from  the  body. 

It  proceeds  mainly  from  the  disintegration  of  the  nitrogenous  constituents  of  the 
blood,  partly  from  the  disintegration  of  the  tissues  generally,  the  muscular  tissue 
being  perhaps  excepted.  -  There  is  no  good  reason  for  believing  that  it  is  especially 
formed  in  the  kidney  :  -  it  is  found  in  the  blood  (2  to  4  parts  in  10,000),  and  is  more 
abundant  in  the  renal  artery  than  in  the  renal  vein ;  it  accumulates  in  the  blood  just 
as  much  when  the  kidneys  are  extirpated  as  when  the  ureters  are  tied. 

Its  precise  amount  depends  mainly  on  the  alimentation,  but  it  is  influenced  by 
mtiscular  exercise,  age,  sex,  climate ,  time  of  day ,  6^  disease. 
Cc*^'  h'  t    ^  '  \\  Alimentation  -  97  per  cent,  or  more  of  the  nitrogen  consumed  in  the  foodlia 

I   '    I  I  J     eliminated  by  the  kidney  in  the  form  of  urea  (Parkes) .     The  quantity  eliminated  is 

AT'  ^  *     ^2-  increased  a  few  hours  after  each  meal,  especially  if  much  animal  food  has  been  taken, 

and  is  diminished  byjasting.  The  exhibition  of  common  salt,  or  of  mineral  acids,  and 
the  drinking  of  large  quantities  of  TYj^j-fiT-^  increase  the  quantity  eliminated ;  arsenic_& 
alcohol  dirainish  it.  -  During  total  abstinence  a  little  more  urea  is  eliminated  than  when 
either  starch,  sugar,  or  fat  is  allowed. 

Exercise  -  Facts  are  opposed  to  the  supposition  that  muscular  tissue  is  mater- 
ially disintegrated  during  exercise,  and  in  favour  of  the  view  that  the  force  developed 
by  muscle  proceeds  from  the  oxidation  of  the  hydrocarbonaceous  constituents  of  the 
blood,  the  heat  derived  from  which  oxidation  is  converted  by  the  muscles  into  mechanical 
force  :  -  the  quantity  of  urea  excreted  is  but  slightly  increased  by  any  moderate  exercise. 
During  unusually  severe  exercise,  however,  a  distinct  consumption  of  muscular  tissue 
is  manifest.  This  was  clearly  proved  by  the  great  increase  of  urea  in  Mr.  Weston's 
urine  during  each  of  his  walks  in  the  Agricultural  Hall  (Ashburton  Thompson) . 

Age  -  Before  the  age  of  6  or  7  the  quantity  of  urea  eliminated  is  more  than 
double  in  proportion  to  the  body- weight ;  the  quantity  diminishes  a  little  in  old  age. 

Sex  -  In  females  the  quantity  is  a  little  less  in  proportion  to  the  body -weight ; 
it  is  further  diminished  daring  menstruation. 

Climate  -  The  quantity  is  greatest  in  cold  climates,  and  in  winter  &  dry  weather. 

Time  or  Day  -  The  quantity  diminishes  from  morning  to  evening,  being  tem- 
porarily increased,  however,  after  meals  -  especially  after  breakfast  &  tea. 

Disease  -  The  quantity  increases  greatly  in  the  early  stages  of  all  inflammatory 
diseases,  in  concidence  with  the  rapid  disintegration  of  the  albuminoids,  which  disin- 
tegration leads  to  elevation  of  temperature.  When  the  fever  subsides  the  quantity 
falls  sometimes  below  the  average,  most  of  the  nitrogen  of  the  food  being  appropriated 
to  the  repair  of  the  wasted  tissues.  -  The  quantity  is  somewhat  diminished  in  all 
chronic  affections  which  impair  nutrition. 


ANIMAL  ELECTRICITY,  NERVES  IN  GENERAL. 
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NOTE. 


Decemhcr^  1876. 

The  Tablets  on  Physiology  were  very  nearly  completed  in  July  last,  except  as  regards  the 
functions  of  the  Brain ;  and  the  work,  as  it  now  stands,  might  have  been  published  at  the  com- 
mencement of  the  present  session. 

With  regard  to  the  functions  of  the  Brain  the  Author  was  stopped  for  a  time  by  a  somewhat 
serious  obstacle.  On  the  one  hand  he  was  desirous  not  to  shirk  the  difficulties  involved  in  the 
consideration  of  the  functions  of  that  organ;  and,  on  the  other,  he  was  unwilling  to  adopt  the 
disheartening  conclusions  come  to  by  prominent  writers  of  the  day. 

He  determined,  therefore,  first,  to  review  the  whole  subject  of  the  bearings  of  Physiology 
on  Psychology,  Religion,  &  Morals ;  secondly,  as  he  could  boast  of  no  personal  authority  in  such 
matters,  to  lay  before  his  readers  in  the  very  words,  condensed  but  not  altered — and  therefore  with 
the  Authority — of  the  Authors  themselves,  the  facts  of-  every  "case"  worthy  of  separate 
investigation,  and  the  arguments  urged  in  its  defence;  thirdly,  to  arrange  these  " condensed 
quotations"  in  the  form  of  an  argument  or  debate.  The  reader  would  be  interested,  he  thought, 
by  the  varied  aspects  of  such  a  work ;  and,  if  the  scheme  were  properly  carried  out,  no  writer 
could  well  complain  of  being  ill-treated,  for  his  ipsissima  verba  could  not  misrepresent  his  views. 


NOTE. 


Decejnber,  1877. 

The  Tablets  on  pages  75, 76,  77,  78,  &  79,  are  but  a  fragment  of  "MENTAL  PHYSIOLOGY" 
comprising  L  "Cerebral  Physiology  Experimental  &  Inductive,"  II.  "Psychology,  Religion, 
&  Morals  from  a  Physiological  Point  of  View,"  a  work  (the  one  above  alluded  to)  upon  which 
the  Author  was  engaged  when  his  School  of  Anatomy  in  New  Bridge  Street,  was  forcibly  broken  up. 

The  Author  hopes  to  be  able  to  complete  and  publish  the  above  work  at  no  very  distant 

date. 

Among  the  conclusions  of  the  "debate"  are  the  following  :  - 

"  I  believe  no  opinion  advanced  in  modern  times  will  prove  to  be  more  incorrect,  less  justified  by 
facts,  or  found  to  be  further  removed  from  the  truth,  than  that  adopted  by  Straus :  -  that  Scientific  Men 
■who  are  frank,  honest,  and  upright,  will  be  obliged  to  acknowledge  that  they  are  no  longer  Christians. 
Modern  Science  has  not  proved  anything  which  tends  in  any  way  to  shake  our  faith  in  God,  or  to 
destroy  our  belief  that  miracles  have  been  performed."   (Lionel  S.  Beale.) 

"  That  any  antagonism  should  be  supposed  to  exist  between  those  '  Laws '  which  express  the  Uni- 
formities of  Nature  discovered  by  Science,  and  the  Will  of  the  Author  of  Nature  as  manifested  in  those 
uniformities, — so  as  for  the  acceptance  of  the  former  to  exclude  the  notion  of  the  latter, — can  only  arise 
either  from  an  unworthy  conception  of  the  Deity  as  an  arbitrary  and  capricious  ruler,  or  from  an 
unphilosophical  conception  of  the  real  meaning  of  Science."   (W.  B.  Carpenter). 

"  He  who  reflects  upon  himself  and  upon  the  universe  is  forced  in  the  end  to  the  recognition,  in 
the  workings  of  the  world,  of  a  power  from  which  all  life  and  energy  proceed,  which  has  been  from  the 
beginning,  is  now,  and,  so  far  as  we  can  see,  ever  shall  be,  and  which  cannot  be  comprehended  and 
controlled  by  human  thought  and  will,  but  comprehends  and  controls  human  thought  and  will.  We 
recognize  an  impulse  outside  ourselves,  working  also  in  our  wills,  which  is  the  moving  energy  of  the 
evolution  wliich  went  on  through  countless  ages  before  man  appeared  upon  earth,  which  is  going  on 
now  in  his  progress,  and  which  will  doubtless  go  on  through  countless  ages  after  he  has  ceased  to 
replenish  the  earth  and  subdue  it.  We  come  back  indeed  to  something  which,  however  we  name  it,  or 
forbear  to  name  it,  is  very  like  the  theological  Trinity— God  the  Unrevealed  and  TJnrevealable,  God 
the  Kevealed,  and  God  the  Revealer."  (H.  Maudsley). 

"  There  is  a  sort  of  dim  feeling  in  many  a  young  heart  that  old  opinions  are  untenable,  or,  if  to 
any  extent  tenable,  will  have  to  be  totally  reconstructed— that  the  attack  is  overwhelmingly  strong, 
and  the  defence  very  weak— and  that  it  is  quite  excusable  to  cast  out  the  four  anchors  of  the  soul— its 
hope,  its  faith,  its  reverence,  and  its  love— on  the  old  sand-bank  of  simple  morality,  and  to  wait." 

"  With  minds  thus  circumstanced,  no  argument  is  probably  more  likely  to  carry  real  influence  with 
it  than  this— that  the  truest  sciefice  is  now  plainly  taking  the  other  side,  and  is  unmistakably  declaring- 
for  the  truth  of  Theism,  and  for  tJie  belief  in  a  Creator  and  moral  Governor.  Science  is  rapidly  getting 
rid  of  its  crudities;  it  has  sown,  so  to  speak,  its  wild  oats  of  speculation,  and  is  now  fast  approaching 
a  state  in  which,  by  the  over-ruling  wisdom  of  the  All-wise  Creator,  it  will  be  found,  more  than  ever 
before,  to  sustain  ail  the  fundamental  teaching  of  Revelation."  (Bishop  of  Gloucester  &  Bristol). 
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ACTION  of  ELECTRIC  CURRENTS  on  MUSCLES  and 

NERVES. 


Induced  or  Interrupted  Currents  -  Act  as  stimuli. 

Continuous  Currents  -  Act  as  sHmuH  only  at  thdr  make  or  at  their  break,  or  wien  their 
intensity  is  suddenly  increased  or  diminislied.  -  During  their  passage  through  a 
^erve  they  modify  its  physiological  properties  by  inducing  the  state  of  electrotontiS 
,(Yide  two  following  Tablets). 

As  stimuli,  induced  cttr rents  are  mztch  mo7'e  poiverfiil  than  contimcous  cicrrentSy 
because  of  their  short  duration  &  high  tension ;  this  is  especially  the  case  with  the 
■opening  current,  which  is  of  shorter  duration  &  higher  tension  than  the  closing  cur- 
rent. -  When  an  interrupted  current  is  used,  or  when  the  interruptions  of  a  contin- 
xious  current  exceed  twenty  per  second,  the  muscle  has  not  time  to  relax  between 
the  periods  of  making  and  breaking  contact  j  it  therefore  passes  into  a  state  of 
^oontin-aous  contraction,  or  tetanus. 
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ACTION  of  ELECTEIC  CUERENTS  as  PHYSIOLOGICAL 

MODIFIEES. 


ELECTROTONUS. 


jDuring  its  passage  through  any  portion  of  the  length  cfa  nerve,  an  electric  current  induces  along 
the  whole  length  of  that  nerve  a  condition  termed  electrotonns,  in  which  condition  the 
excitability,  condvictibility,  &  electro •7notor phenomena  of  the  nerve  are  modified  as  follows  :  - 

Excitability  &  Conductibility  -  Are  increased  in  the  portion  of  the  nerve  adjoin- 
ing the  cathode  ( caihelectrotomis ),  and  diminished  in  the  portion  adjoining  the 
anode  ( anelectrotonus ) ;  the  neutral  point,  or  point  of  indifference,  lying 
between  the  electrodes,  in  the  vicinity  of  the  anode  if  the  electrotonising  cur- 
rent is  weak,  in  the  vicinity  of  the  cathode  if  the  electrotonising  current  is 
strong.  -  Any  mechanical  or  chemical  stimulus,  or  a  second  electric  current, 
may  be  used  to  test  the  excitability  of  the  electrotonised  nerve. 

Electro-Motob  Phenomena  -  The  "natural  nervous  current"  is  increased,  if  it  coin- 
cide in  direction  with  the  electrotonising  current,  diminished  or  reversed,  (fit  be  of 
opposite  direction.  —  If  the  electrotonising  current  be  applied  to  the  central  part 
of  the  nerve,  the  "  natural  current "  will  be  increased  in  the  portion  of  the 
nerve  adjoining  the  anode,  dijninished  in  the  portion  of  the  nerve  adjoining 
the  cathode. 

JK  electrotonns  be  divided  into  centripetal  &  centrifugal  according  to  the  direction  of  the 
electrotonising  current,  and  if  an  electrotonised  nerve  be  divided  with  Pfliiger  into  the 
three  follotving  regions :  — 

Intra-Polar  -  Comprised  between  the  electrodes ; 

Central  Extra-Polar  -  Comprised  between  the  nerve-centres  &  the  intra-polar 
region ; 

Distal  Extra-Polar  (sometimes  called  Myopolar)  -  Comprised  between  the  intra- 
polar  region  &  the  muscles ;  - 

the  excitability  <2r»  conductibility  of  the  electrotonised  nerve  may  be  said  to  be 
Central  Centripetal  ^ 


Increased  in  &  >  extra-polar  electrotonus,  and  in  an  adjoining 

(  Distal  Centrifugal  ) 
portion  of  the  intra-polar  region  relatively  large  if  the  electrotonising  current 
be  weak,  relatively  small  if  the  electrotonising  current  be  strong. 

f  Central  Centrifugal  i  -,  .         ^-  •  • 

Diminished  in  ^  &  \  extra-polar  electrotonus,  zxi^v^^-^^o.-\o\xiv[i<g 

C   Distal  Centripetal  j 
portion  of  the  intra-polar  region  relatively  small  of  the  electrotonising  cur- 
rent be  weak,  relatively  large  if  the  electrotonising  current  be  strong. 

The  electrotonic  influence  varies  in  proportion  to  the  strength  of  the  electrotonising  current, 
&  to  the  length  of  nerve  traversed  by  it,  and  is  always  most  marked  m  the  vuimty  of  the 
ioles  '  it,  however,  a  current  of  unusual  strength  be  used,  the  phenomena  become 
less  marked,  or  even  disappear.  The  phenomena  are  momentarily  reversed  when  the 
electrotonising  current  is  suppressed,  but  the  nerve  soon  returns  to  its  normal  condition. 

Tke  dectro-motor  phenomena  are  the  same  with  sensory  nerves  as  with  motor  aervea. 
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EXPLANATIONS  of  the  PHENOMENON  of  ELEOTRO- 

TONUS. 


Two  explanations  are  given  • 

It  is  a  vital  phenomenon :  -  The  natural  or  proper  electro -motor  action  of  the  neive 
is  increased  in  aneleetrotonus,  diminished  in  cathelectrotonns  (Du  Bois-Reymond)  j  the 
excitability  &  conduetibility  of  the  nerve  are  increased  when  its  molecules  pass  from 
their  ordinary  condition  to  one  of  greater  mobility  ( catheledrotonus ),  diminished  when 
its  molecules  pass  from  their  ordinary  condition  to  one  of  less  mobility  ^ anelectroienus J 
(Cyon). 

2.  -  It  is  a  purely  physko'chemical phenomenon :  -  The  passage  of  an  electric  current 
through  a  nerve  induces  an  electrolytic  action^  which  generates  acids  round  the  anode, 
alkalies  round  the  cathode ;  the  acids  lower  the  excitability  of  the  nerve,  the  alkalies 
increase  it  (Herman  &  Onimus).  —  Any  bad  conductor^  cotton  or  silk  thread  moistened 
with  water  or  saliva,  gutta-percha  cord,  a  strip  of  intestine,  etc.,  may  be  stibstituted  for 
the  nerve  in  the  experiments  on  electrotonus,  and  the  same  electro-motor  phenomena 
will  be  observed ;  if  a  good  conductor,  such  as  a  wire,  be  used,  the  electro-motor  pheno- 
mena will  not  be  observed.  In  the  case  of  a  bad  conductor  free  electricity  overflows 
towards  the  galvanometer,  and  traverses  the  coil,  and  it  is  this  free  electricity  which 
acts  upon  the  needle :  -  On  the  one  hand,  whenever  the  needle  has  deviated,  free  elec- 
tricity can  be  demonstrated  in  the  vicinity  of  the  poles  of  the  electrotonising  current  j 
on  the  other  hand,  if  frictional  electricity  be  applied  to  the  nerve  when  the  needle  is  at 
rest,  the  needle  will  immediately  be  seen  to  move.  -  The  positive  charge  in  the  vicinity  of 
the  anode  agreeing"^'^^  and  the  negative  charge  in  the  vicinity  of  the  cathode  disagreeing 
with,  the  natural  electric  condition  of  the  nerve  at  rest^  the  excitability  of  the  nerve  is  dimi- 
nished in  the  one  case,  and  increased  in  the  other  (Eadcliffe). 

N.  -  The  balance  of  evidence  is  clearly  on  the  side  of  Dr.  RadclifEe's  views. 
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ACTION  of  the  ELECTRIC  STIMULUS  on 

MUSCLES  and  NERVES.- 1st  Tablet. 

Both  Electrodes  being  applied  to  the  Nerve. 


It  is  only  at  the  make  &  at  the  break  (or  when  its  intensity  is  suddenly  increased  or  diminished)  that  a  continuous  current 
excites  either  a  nerve  or  a  muscle. 

The  make  excitatio7i  (or  the  increase  excitation)  is,  all  things  alike,  the  more  powerful  of  the  two,  and  is  most  ma7-ked  at  the 
cathode  (appearanee  of  cathelectrotomis).  The  break  excitation  (or  the  decrease  excitation)  is,  all  things  alike,  the  less 
fowerfil  of  the  two,  and  is  most  marked  at  the  anode  (disappearance  of  anelectrotonus). 

If,  under  ordinary  circumstances,  a  current  of  varying  intensity  be  applied  to  a  inotor  nerve,  the  following  results  will 
ensue  (Lam  of  Pfltiger) :  - 
Weak  Current : - 

Cont?-action  at  the  vtake  only,  whether  the  currejit  be  asce?tding  or  whether  it  be  descendifig  -  For  a  stronger  cur- 
rent would  be  necessary  to  induce  contraction  at  the  break,  since  the  break  excitation  is  less  powerful  than 
the  make  excitation. 
Medium  Current  :  - 

Contraction  both  at  the  make  and  at  the  break,  whether  the  cur7  e}it  be  asceiiding  or  whether  it  be  descending. 

Strong  Current  :  - 

Cofitraction  at  the  make  only,  if  the  cm-rent  be  descending,  at  the  break  only  if  the  ctirrent  be  ascending  -  For,  in 
this  case,  the  dijninished  cofiductibility  of  the  a^telectrotonised  po7-tion  of  the  nerve  (Vide  Electrotonus) 
prevents  the  transmission  towards  the  muscle  botli  of  the  break  excitation  at  the  anode,  in  the  case  of  the 
descending  current,  and  of  the  make  excitation  at  the  cathode,  in  the  case  of  the  ascending  current. 
The  conditions  which  favour  or  prevent  contraction  of  a  miiscle,  when  a  current  is  transmitted  through  its  nerve,  are, 

however,  so7ncivhat  co77iplex  :  - 
Dtiri7ig  life,  7ierves  are  most  excitable  i7t  the  vicinity  of  the  nerve-centres,  or  at  a  dista7ice  froi7i  the  muscles.  -  Therefore,  in  a 
living  animal,  or  in  an  animal  recently  killed,  and  with  a  current  of  ordinary  intensity,  - 

(1)  The  clos7ire  of  the  asce7idi7tg  curre7it  is  a  77iore  powerful  sti77nihis  tha7i  the  closure  of  the  desce7idi7ig  cti7-re7it, 
and  the  ope7ii7tg  of  the  asce7idi7ig  C7irre7it  is  a  less  powerfil  sti77i7ili(s  tha7i  the  ope7ii7ig  of  the  desce7iding  cjirreoit. 

(2)  In  the  case  of  the  asce7idi7ig  current,  the  i7zake  excitatio7i  is  a  77i07-e  powerfil  stii7iulus  tJian  the  break  exciia- 
iio7i ;  for  not  only  is  the  former  in  itself  a  more  powerful  stimulus,  but  it  acts  on  a  more  excitable  portion  of  the 
nerve  (at  a  greater  distance  from  the  muscles). 

(3)  In  the  case  of  the  desce/tditig  cur7-eHt,  the  make  excitatio7i,  i7t  itself  a  more  powe7ful  sti7!mhcs,  acts  on  a  Cess 
excitable  portio7i  of  the  7ierve  (nearer  the  muscles);  while  the  break  excitatio7t,  /«  itself  a  less  powerful  sti772ulus,  acts  07i 
a  7nore  excitable  po7-tio7i  of  the  nerve  (nearer  the  nerve-centres).  The  b7'eak  excitatio7>,  though  usually  the  weaker,  77!ay, 
the7-efo7-e,  so77ieti7/ies  beco7ne  the  st7'07iger.  -  This  happens  under  certain  conditions,  which  do  not  appear  to  be 
as  yet  very  clearly  defined,  but  which  the  Author  believes  to  be  connected  with  the  point  of  application  of  the  elec- 
trodes to  the  nerve  (Vide  below).  - 

I77i77iediately  after  death  the  excitability  of  a  nerve  is  for  a  short  time  co7tsiderably  i7iC7-eased,  the  d7i7-atio7i  of  the  peT-iod 
of  i7ic7'eased  excitability  being  proportio7iate ,  in  any  given  portion  of  the  nerve,  to  the  degree  of  proxi77iity  to  the 
muscles. 

After  this  period  of  i/icreased  excitability,  the  excitability  of  the  nerve  dies  07it  slowly  fvJiz  the  ne7-ve-cent7-es  to  the 
periphery. 

Therefore  the  degree  of  excitability  of  a  nerve  varies  in  its  several  portions,  being  greatest  fi7'st  z;z  07te portio7i, 
and  the7i  i7i  a7wther,  and  the  influence  of  the  poi7it  of  applicatio7i  of  the  clect7-odes  to  the  nerve  (distance  of  the  part 
irritated  from  the  muscle,  on  the  one  hand,  from  the  nerve-centres  on  the  other ;  and  distance  between  the  two  elec- 
trodes) should  be  taken  into  consideration  in  experimental  research.  This,  it  is  believed,  has  hitherto  been  overlooked. 
The  influence  of  the  fresh7iess  of  the  7ie7-vc  experimented  on  has  been  carefully  studied  by  Patter,  Nobili,  &  Onimus  ;  Hitter's 
Contraction-Table  is  divided  into  six  periods,  Nobili's  into  four,  and  Oninius's  into  five.  -  These  Contraction-Tables 
present  many  points  of  resemblance  with  each  other,  and  with  Pfluger's  Table  above  described :  - 

(1)  Descending  these  Tables  from  that  period  (third  of  Ritter,  first  of  JSTobili  &  Onimus,)  in  which  the  ex- 
citing current,  whether  it  be  ascending  or  descending,  gives  rise  to  a  contraction  both  at  the  7nake  at  the  break,  \\% 
find  in  each  Table  that,  while  the  power  of  both  the  make  excitation  &  the  break  excitation  di77ii7iishes  absohitely,  that 
of  the  i7take  excitatio7i  i7icreases  relatively  to  that  of  the  break  excitation,  if  the  exciti7ig  C7irrc7it  be  desce7idi}ig,  while  that 
of  the  break  excitatio7i  i7icreases  relatively  to  that  of  the  make  excitation,  if  the  cxciii7ig  C7irre7it  be  asce7idi7!g :  -  t\\Q 
break  co7itractio7t  disappears  first  in  the  former  case  ;  the  7iiake  co7itractio7i  disappears  first  in  the  latter  case.  -  It  will 
immediately  be  seen  that  this  agrees  with  the  fact  above-mentioned  that,  after  death,  the  excitability  of  a  nerve  dies 
out  slowly  from  the  nerve-centres  to  the  periphery  :  both  the  7iiake  excitation  of  the  desc^ndi7ig  C7irre7it  and  the  break 
excitatio7t  of  the  asce7idi7ig  ctirre7it  affect  the  nerve  i7i  its  pe7-iphe7-al portion. 

(2)  If,  now,  we  ascend  fitter's  Table  from  the  same  starting  point,  we  find  that,  at  the  very  first,  that  is  to  say, 
directly  the  nerve  is  excised  from  the  living  body  and  for  a  few  moments  afterwards,  the  7nake  excitatio7i  is  the 
strotiger  in  the  case  of  the  asce7idi7ig  C7irre7tt,  and  the  break  excitatio7i  the  stronger  in  the  case  of  the  dcscc7idi7ig  ctir7'e7it. 

That  the  break  excitation  of  the  descetidi7to  C7(rrent  should,  at  the  very  first,  be  a  stronger  stimulus  than  the  make 
excitation  of  the  same  current,  -  which  make  excitation  subsequently  becomes  the  stronger  of  the  two,  -  appears  to  the 
Author  to  be  due  to  the  exte7it  (g7-eater  i77i77iediately  after  death)  of  that  distal  portio7i  of  the  7ierve  whose  excitability  is 
te77ipo7-arily  i7icreased;  if  the  electrodes  be  suitably  placed,  i.e.,  neither  too  near  the  muscle,  nor  too  far  from  it,  the 
break  excitatio7t  would,  in  the  first  case,  affect  the  nerve  at  a  dista7tce  fro77i  the  77tuscle,  b7it  still  withi7t  the  li77iits  of 
that  portio7i  of  the  7ierve  whose  excitability  is  te77iporarily  i7icreased. 

That  the  break  excitatio7t  should  be  the  stro7iger,  first  with  the  descending  cu7-rent,  and  afterwards  with 
the  asceftdiftg  current  appears  to  the  Author  to  be  due,  as  regards  the  descending  cuiTcnt,  to  the  extent  (greater  immed- 
iately after  death)  of  that  distal  portion  of  the  nerve,  whose  excitability  is,  in  the  first  instance,  increased  ;  and  as 
regards  the  ascending  current,  to  the  di77iinished  excitability  of  the  ce7ttral portion  of  the  7ien>e.  In  the  first  case,  if  the 
electrodes  are  suitably  placed,  the  break  excitation  would  aflfect  the  nerve  at  a  distance  from  the  muscles,  but  still 
•mthin  the  limits  of  the  portion  of  the  nerve  whose  excitability  is  temporarily  increased ;  in  the  second  case,  the  break 
excitation  would  affect  the  nerve  in  that  portio7t  adjoi7iing  the  fnuscles,  whose  excitability  is,  after  a  time,  less  i77ipair&d 
tha7t  that  of  the  ce7itral  portion.  -  Further  experiments  in  the  direction  above  suggested  would  be  necessary,  however, 
to  clear  up  this  point. 
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ACTION  of  the  ELEOTEIC  STIMULUS  on 

MUSCLES  and  NERVES.- 2nd  Tablet. 


One  Electrode  being  applied  to  the  Muscle,  &  the  other  to  the  Nerve. 

A  nerve  being  more  excitable  than  the  muscle  which  it  supplies,  the  strongest  muscular  em- 
traction  will  occur,  when  the  stronger  stimulus,  i.e.,  either  the  make  excitation  at  the 
cathode  (make  of  the  ascending  current)  or  the  break  excitation  at  the  anode  (break  of 
the  descending  current)  is  applied  to  the  nerve.  The  muscular  contraction  will  be  less  marked^ 
or  will  not  take  place  at  all  unless  the  part  be  very  fresh,  tuhen  the  "maker  stimulus^ 
i.e.,  either  the  make  excitation  at  the  anode  (make  of  the  descending  current),  or  the 
break  excitation  at  the  cathode  (break  of  the  ascending  current)  is  applied* 

Both  Electrodes  being  applied  to  the  Muscle. 

As  long  as  a  muscle  retains  its  excitability  it  will  contract  upon  the  direct  application  of 
the  electric  stimulus.  "  But  as  changes  take  place  more  slowly  in  muscle  than  in  nerve, 
length  of  duration  of  the  stimulating  ciirrent  is  more  necessary  in  the  former  than  in  the 
latter  for  the  production  of  stimulation.  Hence  all  induction-currents,  and  the  more 
transitory  constant  currents,  are  unable  to  stimulate  to  contraction  muscle  deprived  of 
its  nervous  connections  by  curare,  while  they  are  able  to  cause  contractions  in  muscle 
by  acting  upon  its  motor  nerve  (Briicke)."    (Hermann,  translated  by  Dr.  Gamgee). 

"In  the  electric  stimulation  of  muscles,  the  same  laws  hold  as  in  that  of  nerves.  Here  also 
it  is  only  variations  in  currents  that  produce  stimulation,  which,  as  before,  proceeds,  on 
closing,  fro??i  the  cathode,  and,  on  opening,  fro?n  the  anode  (Von  Bezold)  :  -  If  the  electrodes 
be  placed  at  the  thin  edges  of  a  piece  of  flat  muscle  split  along  a  portion  of  its  length 
(in  the  shape  of  a  pair  of  trousers),  contraction  follows,  on  the  application  of  a  moderate 
current,  in  the  strip  next  the  cathode  on  closing,  in  that  next  the  anode  on  opening. 
If  the  muscle  be  not  split,  it  bends  for  the  same  reason,  on  closure  towards  the  cathode, 
and  on  opening  towards  the  anode."    (Hermann,  translated  by  Dr.  Gamgee). 
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ANIMAL  ELEOTEICITY. 


Muscles,  nerves,  and  other  parts  of  tlie  body  are  electro -motor. 

When  the  natural  surface  of  a  muscle  or  nerve  is  connected  by  means  of  the  wire  of  an  electro- 
meter to  its  transverse  cut  surface^  a  current  is  found  to  pass  along  the  wire  from  thi 
former  to  the  latter,  ff  the  muscle  or  nerve  be  at  rest.  And  muscular  batteries  may  be 
constructed  by  joining  several  segments  of  a  skinned  frog's  leg  in  such  a  way  that  to  the 
natural  &  the  cut  surfaces  of  each  segment  correspond  the  cut  &  the  natural  surfaces  of  the 
adjoining  ones;  if  now  two  points  of  the  sciatic  nerve  of  a  prepared  frog's  leg  be  brought 
into  contact  with  the  natural  &  cut  surfaces  of  the  terminal  segments  of  the  battery,  the 
muscles  of  such  prepared  leg  will  l>e  seen  to  contract.  -  The  artificial  longittidinai 
surface  of  a  muscle  (the  muscle  being  split  up  in  the  direction  of  its  fibres)  may  take  the 
place  of  the  natural  surface,  and  the  transverse  cut  surface  may  generally  be  replaced 
by  the  tendon ;  in  this  latter  case,  however,  the  current  is  much  weaker,  and  is  some- 
times even  reversed  ( par-electronomy ). 

It  may  be  added  that,  on  the  longitudinal  surface  either  natural  or  artificial,  any 
point  nearer  the  middle  of  the  muscle  is  positive  to  any  point  nearer  the  extremity,  and 
that,  on  the  transverse  cut  surface,  any  point  nearer  the  centre  is  negative  to  any  point 
nearer  the  periphery. 

When  a  muscle  or  a  nerve  is  excited,  its  nattcral  current  suddenly  diminishes  or  ceases,  and 
may  even  be  reversed  (negative  variation)  ;  and  if  the  nerve  of  a  prepared  frog's  leg  be 
made  to  rest  at  the  time  upon  the  excited  muscle  or  nerve,  an  induction  current  will  pass 
through  the  nerve  of  such  prepared  frog's  leg,  and  will  throw  the  leg  into  contraction ; 
further,  this  prepared  frog's  leg  may  similarly  act  upon  another  prepared  frog's  leg, 
which  latter  may  act  upon  another  one,  and  so  on. 
In  explanation  of  the  above  facts,  muscles  &  nerves  have  been  supposed  to  be  made  up  of 
parallel  series  of  minute  electro-motor  elements  each  possessing,  when  at  rest,  an  eqtia- 
torial  belt  manifesting  positive  electricity  and  two  polar  regions  manifesting  negative 
electricity.  The  further  supposition  that  these  electro-motor  elements  are  composed  oj 
two  molecules  coming  in  contact  with  each  other  by  their  positive  poles,  and  that  the 
tendon  of  a  muscle  rests  upon  a  single  layer  of  these  molecules,  would  explain  the  pheno- 
menon of  par-electronomy. 
When  a  muscle  or  a  nerve  is  excited,  these  electro-motor  elements  would  all  become  polarised, 
all  the  positive  poles  being  turned  in  one  direction,  and  all  the  negative  poles  in  the  other 
direction :  -  An  electric  current  will  be  found  to  traverse  a  nerve  A  from  one  end  to  the 
other  (electrotonus)  as  soon  as  even  a  very  small  portion  of  its  length  is  placed  between 
the  electrodes  of  a  battery;  and  the  make  &  break  of  the  current  through  this  very  small 
portion  of  the  nerve  A  will  result  in  induction  currents,  expressed  by  muscular  twitchings, 
in  the  sciatic  nerve  B  of  a,  prepared  frog's  leg  brought  into  proximity  to  any  part  whatever 
of  the  nerve  ^.  The  "paradox  of  contraction"  is  a  phenomenon  of  this  kind. 
In  man  the  mammalia  the  general  body  current  runs  from  the  centre  to  the  extremities.  -  It  is 
weakened  by  over- exertion,  and  is  temporarily  reversed  by  muscular  action :  -  If  both 

!  hands  be  dipped  into  a  basin  of  water  forming  part  of  the  circuit  of  a  galvanometer,  no 

deviation  of  the  needle  will  take  place  while  both  arms  are  at  rest,  the  descending  current 
in  one  arm  counterbalancing  that  in  the  other ;  but  if,  while  one  arm  is  kept  at  rest,  the 
muscles  of  the  other  arm  are  made  to  contract,  the  deviation  of  the  needle  will  immed- 
iately show  an  ascending  current  in  this  latter  arm.  -  In  the  frog  the  body  current  runs 
from  the  extremities  towards  the  centre. 
The  body  current,  whether  it  be  observed  in  muscles,  nerves,  bones,  or  other  structures,  is  pro- 

;  bably  due  to  the  chemical  processes  of  which  the  tissues  are  the  seat ;  the  current  observed  by 

!  means  of  the  electrometer  is  probably  but  a  derived  current,  the  resultant  of  incompp-xably 

more  intense  molecular  currents  circulating  around  the  ultimate  electro-m(^or  elements  of 

\  .        the  tissues. 


THE  NERVES  AND  THEIR  RQOTS. 
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A  nerve  is  sensory  or  motor  according  to  its  connection  with  sensory  or  motor  end-organs ;  the  action  of  t^e  nerve-fibres  is 

the  same  in  either  case :  they  conduct  in  both  directions.  —  This  is  proved  by  the  following  facts : 

1.  When  a  nerve  is  excited  its  natural  electric  current  suddenly  diminishes  (or  ceases,  or  may  even  be 
reserved)  along  its  whole  length. 

2.  If  one  terminal  twig  ^  of  a  forked  nerve  (tibial  or  peroneal  bifurcation  of  the  great  sciatic  nerve  of 
the  frog)  be  divided  above  the  muscles  it  supplies  and  then  be  irritated,  the  muscles  supplied  by  the  other  twig 
B  will  immediately  be  seen  to  contract.  This  ^^paradoxical  contraction  "  is  thus  explained :  the  irritation  of  the 
twig  A  induces  a  sudden  change  in  the  electrical  condition  of  its  fibres  (diminution,  cessation,  or  negative  varia- 
tion of  natural  current) ;  this  change  results  in  an  induction  current  in  the  fibres  of  the  twig  B,  as  they  lie  side 
by  side  with  the  former  in  the  forked  trunk ;  this  induction  current  stimulates  the  corresponding  muscles.  -  That 
the  experiment  may  be  free  from  all  fallacy  resulting  from  reflex  action,  the  trunk  of  the  sciatic  nerve  should 
be  divided  high  up,  or  the  spinal  cord  should  be  destroyed. 

3.  MM.  Philippeaux  &  Vulpian  divided  the  hypoglossal  lingual  nerves,  and  applied  the  peripheral  extremity  of 
the  former  to  the  central  extremity  of  the  latter  ;  union  took  place,  and  irritation  of  any  part  of  the  resulting  trunk 
induced,  on  the  one  hand,  manifestations  of  pain,  and,  on  the  other,  contraction  of  the  muscles  of  the  tongue. 

4.  -  The  conduction  of  sensory  impressions  may  actually  be  reversed:  -  The  denuded  extremity  of  the  tail  of 
a  young  rat  was  inserted  beneath  the  integument  of  the  animal's  back ;  it  became  adherent  in  this  situation, 
and  the  tail,  when  subsequently  severed  at  its  base,  still  continued  to  show  signs  of  sensibility  (P.  Bert). 

6.  -  No  diflEerence,  structural  or  chemical,  has  yet  been  made  out  between  sensory  &  motor  nerves. 

Under  ordinary  circumstances,  sensory  impressions  originate  in  the  action  of  external  objects  upon  the  extremities  of 
the  nerves,  and  motor  impulses  originate  in  the  will,  or  in  the  reflex  action  of  the  nerve-centres.  -  The  sine  qua 
non  condition  of  transmission  in  such  cases  is  the  continuity  of  the  nerve  from  one  extremity  to  the  other.  -  When, 
however,  a  part  is  supplied  by  several  nerves,  or  by  a  nerve  formed  of  fibres  derived  from  several  sources,  as  is 
the  case  with  nerves  emanating  from  a  plexus,  the  section  of  any  one  of  these  nerves,  or  the  suppression  of  any 
one  of  the  sources  from  which  the  fibres  of  each  individual  nerve  are  derived,  only  diminishes  the  sensibility  or  the 
motor  power  of  the  parts  supplied :  -  Section  of  one  of  the  cords  of  the  brachial  plexus  weakens  all  the  muscles  of  the 
arm,  but  does  not  completely  paralyse  any.  Excision  of  a  portion  of  the  musculo -spiral  nerve  above  its  anastomosis 
with  the  external  cutaneous  occasions  but  a  slight  impairment  of  sensibility  in  the  outer  part  of  the  hand  (Savory). 

The  excitability  of  the  nerves  is  diminished  in  anelectrotonos,  and  increased  in  cathelectrotonos.  It  is  diminished  by 
cold,  compression,  mechanical  injury  to  the  neighbouring  parts ;  increased  by  moderate  warmth,  &  vascular  con- 
gestion. It  is  temporarily  exhausted  by  shock  or  repeated  excitement.  Immediately  after  death  it  is  for  a 
short  time  considerably  increased,  the  duration  of  the  period  of  increase  being,  in  any  given  portion  of  the  nerve, 
proportionate  to  its  degree  of  proximity  to  the  muscles ;  the  excitability  then  dies  out  slowly  from  the  centre  to  the 
periphery,  persisting  longer,  however,  in  cold-blooded  than  in  warm-blooded  animais.  During  life  the  excitability 
of  a  motor  nerve  diminishes  from  its  origin  to  its  termination,  i.e.,  is  greatest  near  the  n.-centres,  least  near  the  muscles.^ 

Sensory  impressions  produced  by  direct  irritation  of  a  sensory  nerve  affect  the  sensorium  as  if  they  had  proceeded 
from  the  whole  area  of  distribution  of  the  irritated  nerve  :  -  Local  irritation  of  the  nerves  of  a  stump  produces 
wide  felt  pain  seemingly  over  all  the  lost  extremity ;  violent  neuralgia  of  the  face  may  result  from  a  morbid 
condition  of  the  central  part  of  the  5th  nerve.  The  mind  has  therefore  no  power,  when  a  nerve  trunk  alone 
is  irritated,  of  ascertaining  the  exact  point  to  which  irritation  is  applied ;  it  is  only  when  the  extremities  of 
some  of  the  branches  of  the  nerve,  or  of  some  other  nerve,  are  irritated  at  the  same  time,  that  the  precise  seat 
of  irritation  is  directly  perceptible.  -  Motor  impulses  similarly  produced  excite  contractions  in  all  the  muscles 
supplied  by  branches  given  ofiE  below  the  irritated  point. 

The  excitability  of  the  Eoots  op  the  Nerves  was  established  by  the  celebrated  experiments  of  Sir  Charles  Bell. 

'  The  posterior  roots  are  purely  sensory :  —  Their  irritation  elicits  signs  of  pain,  but  gives  rise  to  no  move- 
ments except  by  reflex  action ;  their  division  destroys  sensibility  in  the  parts  supplied.  Irritation  of  the  central 
segment  induces  pain  &  reflex  movements ;  irritation  of  the  distal  segment  produces  no  effect. 

The  anterior  roots  are  both  motor  ^  slightly  sensory :  -  Their  irritation  induces  violent  muscular  contrae- 
tions  and  slight  manifestations  of  pain ;  their  division  paralyses  the  muscles  supplied.  Irritation  of  the  central 
segment  produces  no  effect ;  irritation  of  the  distal  segment  induces  muscular  contractions  -  and  pain,  if  the 
posterior  roots  have  not  been  divided. 

Since  irritation  of  the  central  segment  produces  no  effect,  and  since  irritation  of  the  distal  segment  produces 
pain  only  when  the  posterior  roots  are  still  undivided,  it  is  evident  that  the  sensibility  of  the  anterior  roots 
is  either  merely  apparent,  or  else  derived  from  the  posterior  roots  through  recurrent  fibres  passing  from  one  root  to 
the  other,  at  or  beyond  their  point  of  coalescence. 

The  former  opinion  is  that  of  Brown- Sequard,  and  the  pain  manifested  is  attributed  by  this  Author  to  com- 
pression of  the  extremities  of  the  sensory  nerves  by  the  contracting  muscles.  The  latter  opinion  is  that  of  Magendie, 
Bernard,  Longet  &  others.  It  is  supported  by  the  fact  that  degenerate  nerve-fibres  (supposed  to  be  the  recurrent 
fibres  in  question)  are  found  in  the  ant.  roots  a  short  time  after  the  division  of  the  post,  ones  (Burdon-Sanderson). 

The  fact  that  division  of  the  posterior  roots  should  destroy  the  sensibility  of  the  anterior  ones  harmonises 
with  both  theories.  ^  Division  of  the  nerve-trunks  beyond  the  point  of  coalescence  of  the  roots  is  said  to  produce 
the  same  result ;  this  would  apparently  antagonise  the  latter  theory,  unless  it  be  admitted  that  the  recurrence 
take  place  in  the  plexuses  (Kiiss),  or  even  further  on  (Bernard). 

*  Some  Authors  suppose  that  the  stimulus  gains  strength  as  it  descends  (Pfliiger);  others,  attribute  the  greater  excitability 
of  the  central  portion  of  the  nerve  to  its  being  less  perfectly  protwted  by  a  more  delicate  sheath  (H.  Power). 
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THE  BATE  of  NEKVOUS  CONDUCTION 


Averages  in  man :  - 

rhrough  the  Cerebro-Spinal  Nerves  - 

Sensory  impressions   47  metres  per  second. 

Motor  impulses'-       ...       ...       ...       27      „  „ 

This  -was  shown  by  HelmholtSi,  Burckhardt  &  others  by  measuring  the  interval  which 
elapses  between  the  giving  of  a  signal,  and  the  production,  in  obedience  thereto,  of  a  move77ient  prS' 
viously  agreed  upon. 

When  the  rate  of  transmission  of  sensory  i?npressions  was  sought  for,  the  signal 
adopted  was  the  irritation  of  the  skin  of  the  foot,  leg,  thigh,  ^'c,  and  the  movement  agreed 
■upon  was  the  lifting  up  of  a  finger;  when  the  rate  of  transmission  of  motor  impulses  was 
sought  for,  the  signal  adopted  was  the  ringing  of  a  bell,  and  the  movement  agreed  upon  was 
the  contraction  of  the  triceps  extensor  femoris,  tibialis  anticus,  extensor  brevis  digitorum,  etc.  —  The 
interval  comprised  in  either  case :  - 

1.  The  reception  of  the  impression  by  the  papillae  of  the  skin,  or  by  the  aud- 

itory apparatus. 

2.  The  transmission  of  the  impression  to  the  sensorium. 

3.  Vi^  perception,  and  the  excitation  of  the  act  of  volition. 

4.  The  transmission  of  the  motor  impulse  to  the  muscle. 

5.  The  contraction  of  the  muscle. 

Now,  when  the  point  of  application  of  the  stimulus  varied  (irritation  of  ihe  skin  of 
the  foot,  leg,  thigh,  &c.),  the  difference  between  the  intervals  recorded  marked  the 
time  required  for  the  conveyance  of  the  impression  through  a  length  of  nerve  equal  to  the 
distance  between  the  foot  &  the  leg,  between  the  leg  &  the  thigh,  etc. ;  -  and  when  the 
stiffiuhis  remained  the  sa?ne  (the  ringing  of  a  bell),  the  difference  between  the  intervals  re- 
corded marked  the  time  required  for  the  conveyance  of  the  motor  impulse  through  a  length 
of  nerve  equal  to  the  distance  between  the  triceps  extensor  femoris  &  the  tibialis  anticus, 
between  the  tibialis  anticus  &  the  extensor  brevis  digitorum,  etc. 

Through  the  Spinal  Cord  - 

„  .  ^      .        \   Tactile,  42  metres  per  second. 

Sensory  impressions    |        .^^J^  ^3  ^ 

Motor  impulses    10        „  „ 

This  was  shown  by  comparing  the  time  required  for  the  conveyance  of  a  sensory  im- 
pression or  a  motor  impulse  from  or  to  the  extremities  of  nerves  arising,  like  the  sciatic  &  the 
nlnar,  fro7n  different  parts  of  the  spinal  cord.  The  time  required  for  the  conveyance  through 
the  nerves  being  known,  the  difference,  in  each  experiment,  in  the  duration  of  the  entire 
passage  marked  the  time  required  for  conveyance  through  a  corresponding  length  of  the 
cord. 

It  may  be  added  that  these  rates  of  transmission  vary  slightly  in  proportion  to  the 
intensity  of  the  impression,  or  to  the  strength  of  the  impulse,  and  also  somewhat,  in  different 
individuals.  For  motor  impulses,  the  conveyance  through  the  spinal  cord  is  also  more  rapid, 
by  two  or  three  metres  per  second,  on  the  left  side  than  on  the  right. 

The  time  required  to  take  the  first  step  in  self-defence,  when  a  pistol  is  fired  at  one's  ear,  is  aboiit 
'\.-K>th  of  a  secotid  ;  thus  the 

Mechanism  of  hearing,  &>  conveyance  of  sensory  ivipression  would  require  about  0.01" 
Perception,  6^  act  of  volition    •••       •••  ••.       •••       •••       •••  0.10" 

Transmission  of  motor  impulse  i\ir:Q\x.^  ^Y^VL2\  cox^    0.04" 

„  „  „       „      motor  nerves    0.04'' 

Muscular  contraction    0.01" 

Total    0.20" 

Thus  the  brain  alone  takes  as  long  to  act  as  all  the  other  parts  together  ;  the  time  it  re- 
quires, differs,  however,  very  considerably  in  different  individuals. 

In  the  frog,  the  rate  of  conduction  of  motor  impulses  averages  25  metres  per  second  (Helmholtz);  - 
The  data  for  the  calculation  were  obtained  by  irritating  a  nerve  at  different  points,  and 
noting  the  moment  of  the  occurrence  of  the  corresponding  contraction.  -  The  rate  of  con- 
duction appears  to  be  somewhat  greater  in  the  peripheral  than  in  the  central  parts  5  it 
diminishes  a  little  when  the  temperature  is  lowered. 
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THE  GANGLIA  of  the  BASE  of  the  BBAIN. 

Porm  on  the  one  hand  the  "Sotsorhnn  Commune,"         on  the  other,  both  the  7notor  centre  called  into  ^lay  in  all  sensori- 
motor     emotional  rejlex  actions,  and  the  automatic  agency  which  executes  the  mandates  of  the  will. 

The  "  Sensorium  Commune  "  -  i.e.  The  agency  throng]^  zvhich  the  mind  is  tnade  conscious  of  all  sensory 
ifnpressions,  whether  derived  from  the  outer  world  or  from  the  body  generally  through  the  "  Nerves  of  tJte 
External  Senses,"  or  from  the  inner  world,  i.e.,  the  cerebral  convolutions,  through  the  "  Ne?ves  of  the 
Internal  Settses  "  (Reil). 

After  removal  of  the  cerebral  hemispheres  the  mental  operations  are  no  longer  performed,  and 
all  emotional  conditions  are  impossible;  but  sensation  &  motor  power  persist  :  -  A  brainless  pigeon 
maintains  its  standing  posture,  or  rests  securely  on  a  perch.  If  pushed,  it  walks  ;  if  laid  on  its  back, 
it  rises  ;  if  thrown  into  the  air,  it  flies.  If  food  be  placed  in  its  beak,  it  swallows  &  digests  it.  It  turns  its 
head  at  any  loud  noise,  avoids  obstacles  in  its  way,  and  watches  a  lighted  candle  moved  before  its  eyes  ;  if 
hurt,  it  endeavours  to  escape.  Its  general  attitude,  however,  when  left  to  itself,  is  that  of  perfect 
indifference.  It  keeps  its  eyes  closed  and  its  head  beneath  its  wing,  and  scarcely  moves.  It  awakes  for  a 
moment,  but  shows  no  alarm,  when  a  pistol  is  fired  close  to  it.  It  seeks  for  nothing,  not  even  for  food :  - 
Sensation      motor  power  are  there,  b7it  ideas  &^  ettiotions  are  wanting,  and  the  will  is  dormant. 

Experiments  on  the  ganglia  of  the  base  of  the  brain  are,  as  a  rule,  unsatisfactory,  for  it  is  almost  impos- 
sible either  to  reach  the  ganglia  without  previously  removing  the  hemispheres,  or  to  irritate,  divide,  or 
remove  them  singly.  The  following  statements  are  based,  however,  partly  on  experimental,  and  partly  on 
anatomical  &  pathological  data :  - 

The  optic  thala7nus,  which  receives  tJie  termination  of  the  setisory  tract  of  the  medulla  oblongata^ 
is  vzainly  a  sensory  centre.  The  corpus  striatiun,  which  receives  the  ierminatio7t  of  the  motor  tract,  is  jnainly  a 
■motor  ce?itre.    The  corpora  gjcadrigejftitia  are  the  seat  of  vision. 

As  a  sensory  centre,  optic  thala7mcs  supplies  the  "  guiding  sensation  "  necessary  for  progression  & 
for  the  maintenance  of  the  standing  posture  :  -  When  it  is  wounded  the  animal  turns  round  &  round  in  a 
circular  manner  (evolution  de  manage)  the  rotation  being  towards  the  injured  side  if  the  anterior  part  of 
the  thalamus  has  been  injured,  towards  the  opposite  side  if  the  posterior  part  has  been  injured  (Schiflf).  If 
the  thalamus  is  removed,  the  animal  falls  to  the  opposite  side.  That  the  loss  of  the  "  guiding  sensation"  is 
the  cause  of  the  abnormal  movements,  or  of  the  apparent  paralysis,  is  shown  by  the  fact  that  the  same  or  very 
similar  movements  may  be  induced  either  by  partial  division  of  the  crus  cerebri,  or  by  the  mere  blinding  of  an 
eye,  or  the  division  of  one  of  the  semicircular  canals  (Flourens). 

Pathology  supports  this  view  :  -  Disease  of  or  haemorrage  into  the  corpus  striatum  induces  motot  paraly- 
sis of  the  opposite  side  of  the  body,  those  muscles  being  more  particularly  affected,  which,  like  those  of  the  limbs, 
act  independently  of  their  fellows.  Disease  of  or  haemorrhage  into  the  optic  thalatiius  induces  paralysis 
usually  both  sensory  motor  ;  sensory  because  the  optic  thalamus  is  a  sensory  centre  ;  motor  because,  being 
situated  internally  to  the  corpus  striatum  and  upon  the  fil)re8  passing  from  the  latter  to  the  medulla,  it  can 
hardly  be  seriously  injured  without  affecting  the  corpus  (Broadbent.)  -  The  production,  through  irritation 
either  of  the  corpus  striatum  or  of  the  corresponding  "afferent  nerves  of  the  internal  senses"  (white 
substance  of  the  hemisphere),  of  the  definite  combined  movements  first  described  by  Fritsch  &  Hitzig  in 
connexion  with  irritation  of  the  convolutions,  shows  that  the  corpus  striatum  is  the  motor  centre  for  most 
of  the  movements  of  the  body,  and  that  it  acts,  not  only  in  response  to  ordinary  sensory  impressions 
(sensori-motor  reflex  actions),  but  also  in  response  to  impressions  derived  from  the  cerebral  convolutions 
(ideo-motor  and  emotional  reflex  actions)  :  -  On  irritating  the  deeper  parts  of  the  corpus  striatum,  the 
animal  opens  its  mouth,  and  alternately  thrusts  out  and  retracts  its  tongue  (Burdon  Sanderson). 

Division  of  one  of  the  crura  cerebri  induces  complete  paralysis  of  the  opposite  side  of  the  body,  both 
sensory  &  motor.  Partial  division  induces  rotatory  movement  towards  the  opposite  side,  the  diameter  of  the 
circle  of  movement  being  proportionate  to  the  distance  of  the  incision  from  the  anterior  edge  of  the  Pons. 

The  corpora  quadrigc7ni)ta  are  the  seat  of  vision,  and,  as  such,  they  supply  important  guiding  sensa- 
tions. Partial  or  total  removal  of  these  bodies  on  one  side  induces  respectively  partial  &  temporary,  or  total 
&  permanent  blindness  of  the  opposite  eye,  and  also  temporary  weakness  of  the  opposite  side  of  the  body, 
with  a  tendency  to  rotatory  movement.    Irritation  of  one  of  the  corpora  induces  contraction  of  both  pupils. 

The  Motor  Centre  called  into  Play  in  all  Sensori-Motor  &  Emotional  Reflex 

Actions.  -  Vide  above. 

The  stimulus,  which  calls  forth  the  reflex  action,  is  conveyed  to  the  sensory  ganglia  either  by  the  ordinary 
afferent  nerves,  or  by  the  afferent  nerves  of  the  internal  senses  (sensori-motor  reflex  actions ;  ideo-motor  & 
emotional  reflex  actions).   The  guiding  sensation  is  derived  from  one  or  several  of  the  former. 

"  It  is  when  the  Cerebrum  is  not  in  a  state  which  renders  it  capable  of  receiving  and  acting  upon 
"Sensorial  impressions,  that  we  find  the  independent  reflex  activity  of  the  Sensory  ganglia  most  strikingly 
"  displayed.  Thus  in  the  Infant  for  some  time  after  its  birth,  it  is  obvious  to  an  attentive  observer,  that  a 
"  large  part  of  its  movements  are  directly  prompted  by  sensations  to  which  it  can  as  yet  attach  no  distinct 
"ideas,  and  that  they  do  not  proceed  from  that  picrposive  impulse  which  is  essential  to  render  them  volun- 
"tary.  This  is  well  seen  in  the  efforts  which  it  makes  to  flnd  the  nipple  yni\i  its  lips;  being  probably  guided 
"thereto  at  first  by  the  smell,  but  afterwards  by  the  sight  also;  when  the  nipple  has  been  found,  the  act  of 
"  suction  is  purely  excito-motor.  So  in  the  Idiot,  whose  brain  has  never  attained  its  normal  development,  the 
"  influence  of  sensations  in  directly  producing  respondent  movements  is  obvious  to  all  who  examine  his  actions 
"  with  discrimination.  In  the  adult  man,  in  whom  the  Intelligence  and  Will  are  fully  developed,  we 
"have  comparatively  little  evidence  of  this  independent  reflex  action  of  the  sensory  ganglia:— all  those 
"  automatic  actions  which  are  i77tmediately  necessary  for  the  maintenance  of  his  organic  life,  being  provided  for 
"by  the  excito-motor  portion  of  the  nervous  apparatus,  so  that  although  sensation  ordinarily  accompanies  most 
"  of  them,  it  is  not  essential  to  them;  whilst  those  which  are  necessary  to  provide  more  re77totely  for  his  require- 
"  ments,  are  for  the  most  part  committed  to  the  guidance  of  his  reason.  For  the  impressions  which  have  been 
"brought  by  the  afferent  nerves  to  his  sensorium,  and  which  have  there  produced  sensations,  do  not  in 
"  general  react  at  once  upon  the  motor  apparatus  (as  they  do  in  those  animals  in  which  the  sensory  ganglia 
"are  the  highest  of  the  nervous  centres),  but  usually  transmit  their  influence  upwards  to  the  cerebrum, 
"  through  whose  instrumentality  they  give  rise  to  ideas  and  reasoning  processes,  which  operate  upon  the 
"motor  apparatus  either  emotionally  or  volitionally.  And  it  is  for  the  most  part  only  when  this  upward 
"  transmission  is  checked,  either  by  the  non-development  or  the  functional  inactivity  of  the  cerebrum,  or  by 
"its  complete  occupation  in  some  other  train  of  action, — or,  on  the  other  hand,  when  the  reflex  action  of  the 
"  sensory  ganglia  is  called  into  play  with  unusual  potency, — that  we  have  any  manifestations  of  the  seiisori- 
"  motor  or  consensical  mode  of  operation  in  Man,  that  are  at  all  comparable  in  variety  or  importance  to  those 
"instinctive  acts  which  are  so  remarkable  in  the  lower  animals  (Carpenter)."  Still  examples  of  these  classes 
reflex  actions  are  furnished  by  the  closure  of  the  eye  to  a  dazzling  light,  the  involuntary  laughter  excited 
by  tickling  (sensori-motor  reflex  actions)  ;  the  vomiting  caused  by  the  re77iembra7ice  of  some  loathsome  object, 
the  convulsive  movements  produced,  in  hydrophobia,  by  the  mere  sight,  sound,  or  thought  of  water  (ideo- 
motor  reflex  actions) ;  the  start  caused  by  a  sudden  fright,  the  picturing  of  the  passions  on  the  counten- 
ance (emotional  reflex  actions). 

The  Automatic  Agency  which  Executes  the  Mandates  of  the  Will  -  vide 

Automatic  Action. 
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FUNCTIONS  of  the  CEREBRAL  HEMISPHERES. 

THE  ELECTRICAL  EXCITABILITY  of  the  HEMISPHERES  —  Discovered  by  Fritsch  & 

Hitzig  in  1870,  has  already  allowed  of  the  recognition  not  only  of  «  Motor  Centres  "  (Fritsch  &  Hitzig, 
Terrier),  but  also  of  '^Sensory''  &  " Instmctive"  Centres  (Ferrier). 

Motor  Centres  -  "  A  new  epoch  in  cerebral  physiology  was  opened  by  the  researches  of  G.  Fritsch 
"and  E.  Hitzig.  They  exposed  the  brain  in  dogs,  and  applied  as  irritant  to  different 
"  parts  of  its  surface  a  continuous  galvanic  current  of  slight  intensity.  They  found  that  no  effect 
followed  the  application  of  the  irritant  to  the  greater  part  of  the  surface  of  the  hemispheres, 
"  but  that  some  parts  were  excitable,  and  that  when  these  were  irritated,  well  defined  muscular 
*'  movements  on  the  opposite  side  of  the  body  occurred. 

"  The  results  of  a  further  examination  of  the  muscular  centres  in  the  brain  of  a  monkey 
''showed  that  they  were  all  situated  between  the  great  longitudinal  fissure  and  the  fissure  of 
**  Sylvius  in  the  '  anterior  central  convolution,'  (ascending  frontal) ,  the  other  parts  of  the  hemi- 
*'  spheres  being  unexcitable. — Hitzig  thinks  that  in  man  the  parietal  region  is  the  excitable  part. — 
*'  Nearest  to  the  longitudinal  fissure  lies  the  centre  for  the  posterior  limbs,  more  externally  that 
*'  for  the  anterior  limbs,  further  down  the  facial  centre,  and,  near  the  Sylvian  fissure,  the  centres  for 
"  the  mouth,  tongue,  and  jaws ;  that  for  the  eye  muscles  coincides  with  the  upper  part  of  the  centre 
"  for  the  muscles  of  the  face.  It  is  very  important  to  observe  that  the  centres  for  the  mouth  and 
*'  tongue  are  placed  in  the  position  of  what  is  supposed  to  be  the  speech  centre  in  man,  and  further 
*'  that  all  the  movements  grouped  about  this  centre  are  bilateral,  the  corresponding  muscles  on 
*'  both  sides  being  called  into  action  by  the  irritation  of  one  hemisphere." 

"  The  most  extended  and  valuable  set  of  experiments  yet  made  on  the  localisation  of  cere- 
*'  bral  functions  is  that  of  Dr.  Ferrier.  The  brain  was  laid  bare,  not  all  at  once,  but  in  detail ;  and, 
**  after  the  removal  of  the  dura  mater,  which  all  experimenters  have  found  to  be  extremely  sensitive, 
**  the  surface  of  the  brain  was  irritated  by  induction  currents  from  Du  Bois  Eey mend's  coil,  the  inten- 
*'sity  being  in  general  slight,  but  varying  according  to  the  varying  excitability  of  the  parts 
«« of  the  brain." 

"  The  first  effect  of  the  application  of  the  electrodes  was  to  cause  a  condition  of  hyperaemia 
**  of  the  parts  acted  on.    This,  Dr.  Ferrier  calls  *  functional  hyperasmia,'  and  he  thinks  that  his 

method  of  experimenting,  by  causing  this,  reproduces  the  normal  functional  activity  of  the 
"  different  parts  of  the  brain." 

"  In  the  brains  of  cats,  dogs,  and  rabbits,  very  well  defined  centres  of  movement  were  made 
**  out.    In  the  convolution  bordering  the  great  longitudinal  fissure  are  the  centres  for  the  limbs, 

paws,  and  tail.  In  the  middle  external  convolution  are  those  for  the  eyes,  eyelids,  and  face ;  while 
*'  the  inferior  and  Sylvian  gyri  contain  the  centres  for  the  movement  of  the  whiskers,  angles  of  the 
*' mouth,  depressors  of  the  jaws  and  tongue.  According  to  the  habits  of  the  animal,  certain  cen- 
*'  tres  are  more  highly  and  distinctly  differentiated,  as  that  for  the  tail  in  dogs,  the  paws  in  cats, 

the  mouth  in  rabbits.  All  the  movements  produced  are  '  purposive  or  expressional  in  character, 
"  and  such  as  we  should  attribute  to  ideation  and  volition.'  This,  and  '  the  intimate  relation  sub- 
«'  sisting  between  ideation  and  the  unconscious  outward  expression  of  the  idea  in  muscular  action,' 
**  Dr.  Ferrier  inclines  to  regard  as  '  strong  proof  of  the  close  local  association  of  the  ideational  and 
*'  voluntary  motor  centres.'  '  Hence,'  he  says,  '  I  would  incline  to  the  opinion  that  the  organic 
*'  centres  of  word  memory  are  situated  in  the  same  convolutions  as  the  centres  which  preside 
"over  the  muscles  concerned  in  articulation'  (Broca's  convolutions).  'If  this  be  so,  then  we 
"  ought  to  have  a  hand  memory,  a  face  and  eye  memory,  an  ear  memory,  and  thus  we  may  ulti- 
"  mately  be  enabled  to  translate  into  their  psychological  signification,  and  localize  phrenologically, 
"  the  organic  centres  of  various  mental  endowments.'  " 

"  These  researches  were  undertaken  for  the  purpose  of  examining  experimentally  the  views 
«  of  Dr.  Hughlings  Jackson  on  the  Pathology  of  Epilepsy,  and  they  led  to  an  endeavour  to  deter- 
"  mine  the  localization  of  the  functions  of  the  brain,  not  only  as  regards  motion,  but  also  sensa- 
"tion  and  other  ??iental  faculties."  (From  Dr.  Purser's  Report  on  Physiology  in  'Irish 
Hospital  Gazette,'  January,  1875). 
Sensory  Centres  -  "  Iii  monkeys.  Dr.  Ferrier  has  been  able  to  localize  several  regions  whose  function  is 
*'  the  perception  of  the  impressions  of  the  special  senses.  Thus,  irritation  of  the  angular  gyrus 
«  caused  certain  movements  of  the  eyeballs  and  pupils.  Destruction  of  this  gyrus  gave  data  for 
"  regarding  it  as  the  cerebral  expansion  of  the  optic  nerves,  and  the  seat  of  visual  perception. 
« Irritation  of  the  superior  temporo-sphenoidal  convolution  caused  pricking  of  the  ears,  and 
«  other  indications  of  excitation  of  ideas  of  sound ;  it  is  probably  the  cerebral  termination  of  the 
«  auditory  nerves.  The  sense  of  smell  appears  to  be  seated  in  the  uncinate  convolution.  The 
«  senses  of  touch  and  taste  could  not  be  localized  with  certainty,  although  indications  of  their 
"position  were  gained."  (From  same  source). 
'  Instinctive  Centres  -  "  Iii  monkeys,  the  antero-frontal  part  of  the  brain,  with  the  inferior  frontal 

"  and  orbital  convolutions,  gave  no  definite  result  on  stimalation.  Extirpation  caused  a  condition 
"  like  dementia.  The  occipital  lobes  did  not  react.  Their  destruction  caused  no  loss  of  sensation 
"  or  motion,  but  abolition  of  the  instincts  of  self  preservation.  It  thus  appears  that '  those  centres 
"  of  movement  which  may  be  regarded  as  giving  expression  to  mental  states  that  man  shares 
«  with  animals  beneath  him,  are  all  located  in  the  hinder  part  of  the  anterior  lobeSy  and  the  anterior 
" portion  of  the  middle  lobeSy  the  part  of  man's  cerebrum  which  corresponds  with  the  entire  cere- 
brum of  the  lower  mammalia.'  "    (From  same  source). 
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SIGNIFICANCE  of  the  FOREGOING  RESULTS. 


Thej  are  due  to  irritation  of  the  sevej-al  "centres"  not  to  conduction  of  the  electric  current  to 
the  ganglia  of  the  base  of  the  brain.  This  is  proved  by  the  non-excitability  of  a  very  large 
portion  of  the  convolutions,  the  insula  included,  which  is  nearer  to  the  sensori-motor  ganglia 
than  any  other  portion  of  the  cortex ;  by  the  difEerent  effects  produced  by  stimulation  of 
closely  adjacent  parts ;  by  the  absence  of  results  in  complete  ansBsthesia,  though  the  cor- 
pora striata  still  remain  excitable;  by  the  low  intensity  of  the  currents  used,  and  the  close 
approximation  of  the  electrodes  ;  and  finally  by  the  fact,  established  by  Burden  Sanderson, 
that  when  the  grey  matter  of  the  several  "  centres  "  is  removed,  the  same  actions  are  still 
produced  by  irritation  of  the  medullary  fibres  ("  afferent  nerves  of  the  internal  senses  "  ) 
which  proceed  from  these  centres  to  the  corpus  striatum. 

"  Hermann,  though  admitting  the  fact  of  definite  movements  being  excited  by  local- 
"ised  stimulation  of  certain  cortical  regions,  denies  that  this  proves  the  existence  of  motor 
*'  centres  in  the  hemispheres,  and  grounds  his  opinion  on  the  fact  that  dogs  recover  perfectly 
"  from  the  effects  of  destruction  of  the  so-called  motor  centres  of  the  limbs,  and  regain  com- 
"plete  control  of  their  movements." 

*'  Fritsch  and  Hitzig  are  of  opinion  that  these  centres  are  in  some  way  related  to  the 
**  muscular  sense  on  the  ground  that  after  the  ablation  of  the  limb-centres  in  dogs,  the  animals 
"  so  operated  on  do  not  suffer  from  paralysis  of  the  limbs,  but  merely  appear  to  have  lost  con- 
"sciousness  of  the  position  of  the  limbs,  and  hence  place  them  in  irregular  and  unnatural 
attitudes.  This  view  is  also  supported  by  Kothnagel  from  the  results  of  his  experiments 
•*in  the  injection  of  chromic  acid  into  the  brain  cortex." 

"  The  interpretation  which  Ferrier  puts  upon  his  experiments  differs  essentially  from 
"  any  of  the  foregoing.  He  regards  the  movements  which  result  from  stimulation,  as  indi- 
•*  cations  of  excitation  of  centres  concerned  in  voluntary  or  purposive  action,  or  of  centres  of 
"expression  and  sensation."    (H.  Power). 

Burden  Sanderson  states  that  "  by  exciting  certain  spots  on  the  surface  of  the  brain 
"  a  complicated  series  of  changes  originate  more  or  less  analagous  to  a  psychical  process." 

The  two  latter  views  harmonise  with  what  has  been  said  of  the  mechanism  of  psychical  action, 
and  are  supported  by  Ferrier's  "functional  hypersemia," 
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THE  CEREBRAL  CONVOLUTIONS 


Are  tlie  necessary  agents  of  perception  6^  thought,  but  they  are  not  the  seat  of  consciousness* 

The  mechanism  of  psychical  operations  is  as  follows  : 

1.  -  Impressions  derived  from  a  sensory  surface  and  conveyed  by  the  afferent  nerves 
of  the  external  senses "  (ordinary  sensory  nerves)  to  the  ganglia  of  the  base  of 
the  brain,  give  rise  in  these  ganglia  to  sensations.  * 

2.  -  Sensations  conveyed  by  the  "  efferent  nerves  of  the  internal  senses "  to  the 
cerebral  convolutions,  give  rise  in  those  convolutions  to  perceptions,  *  by  the  com- 
bination of  which  perceptions,  ideas,  or  intellectual  representations  of  objects, 
are  formed.  -  Simple  perception  probably  takes  place  in  the  marginal  convolu- 
tions, which  are  more  directly  connected  with  the  sensori-motor  ganglia ;  ideas 
probably  originate  in  the  central  convolutions,  which  are  less  immediately  con- 
nected with  the  sensori-motor  ganglia,  but  which  are  connected  with  the  fore- 
going convolutions  by  numerous  arcuate  or  gyral  fibres  (Bastian), 

3.  -  Ideas,  returned  by  the  "  afferent  nei'ves  of  the  internal  senses  "  to  the  ganglia  of 
the  base  of  the  brain,  give  rise  in  these  ganglia  to  emotions  &  to  acts  of  volition^ 

4.  -  The  mandates  of  the  will  are  finally  shaped  into  motor  impulses  in  the  motor 
ganglia. 

That  the  cerebral  convolutions  are  7iof  the  seat  of  consciousness  is  proved  by  the  phenomena  of 
"  Unconscious  Cerebration  "  (Sr=  remembered  sensations :  -  We  are  not  directly  conscious,  on  the 
one  hand,  of  the  changes  which  take  place  in  the  material  substrata  of  our  intellect  (Vide 
''Unconscious  Cerebration"),  and,  on  the  other,  a  remembered  sensation  is  so  completely  the 
reproduction  of  the  original,  that  the  seat  of  the  two  cannot  well  be  difiEerent.  The  seat  of 
the  former  was  in  the  ganglia  of  the  base  of  the  brain;  these  ganglia,  therefore,  and  not  the 
convolutions,  are  the  seat  of  that  which  is  reproduced  by  the  cerebral  act  (Carpenter). 

The  cerebral  convolutions  are  not  therefore  an  essential  part  of  the  nervous  sysietn.  They  are 
merely  a  superstructure  subservient  to  Intelligence. 

*  4,  sensation  is  the  consciousness  of  an  impression;  a  perception  is  the  reference  of  a 

sensation  to  something  outside  the  ega^ 
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THE  TAOULTY  of  ARTICULATE  LANGUAGE 


Appears  to  reside  in  tlie  third  or  inferior  frontal  convolution  of  the  left  side  (Broca),  wKich  convo- 
lution -would  contain  both  the  centre  for  the  memory  of  words  and  the  centre  for  the 
co-ordination  or  combination  of  the  movements  of  speech. 

Either  centre  may  be  affected  separately. 

If  the  centre  for  the  memory  of  words  be  affected,  the  case  is  one  of  amnesia  or  amnesic  aphasia  :  - 
The  patient  cannot  recollect  the  word  he  wants,  and  can  therefore  neither  pronounce  it  nor 
write  it.  But  if  it  be  pronounced  before  him,  he  recognises  it  at  once  and  can  immediately 
repeat  it ;  though  a  moment  afterwards  it  has  again  escaped  him. 

If  the  centre  for  the  co-ordination  of  the  movements  of  speech  be  affected,  the  case  is  one  of  ataxic 
aphasia :  -  The  patient  knows  the  word  he  wants,  and  can  write  it  and  recognise  it  when  he 
hears  it  pronounced ;  but  he  cannot  pronounce  it  himself,  though  he  suffers  from  no  loss  of 
motor  power  in  the  tongu3,  lips,  palate,  or  larynx. 

Lesions  of  the  intellect,  or  of  the  motor  apparatus,  either  of  phonation  or  of  articula- 
tion, or  of  both  ( alalia  J,  may  complicate  individual  cases. 

The  dependence  of  aphasia  upon  lesion  of  the  left  inferior  frontal  convolution — (it  is  generally 
due  to  cerebral  haemorrhage,  and  accompanied  by  right  hemiplegia) — appears  to  result  from 
the  greater  or  jole  education  of  the~  left  hemisphere  of  the  brain  (Moxon),  which  hemisphere  is 
usually  larger  and  earlier  developed  than  the  other  (Grratiolet).  In  left  handed  persons, 
aphasia  and  left  hemiplegia  have  been  found  associated  with  j'ight  cerebral  haemorrhage.  - 
Under  deep  emotion,  aphasic  patients  may  utter  a  few  words,  or  even  sometimes  a  whole 
phrase  (Hughlings  Jackson),  the  less  educated  hemisphere  probably  acting  for  the  other  one. 

"  The  cerebral  centres  for  bilaterally-acting  muscles  appear  to  be  co-ordinated,  so  that 
*'  one  centre  can  fulfil  the  offices  of  both.  This  view,  put  forward  some  years  ago  by  Dr. 
"  Broadbent,  is  adopted  by  Dr.  Ferrier,  but  he  thinks  that  his  own  experiments  indicate,  not 
*'  an  anatomical  but  a  physiological  co-ordination  through  the  media  of  the  lower  ganglia." 

"  These  considerations  will  explain  why  it  is  that  in  destruction  of  the  mouth  and 
*' tongue  centre  on  one  side  there  may  be  no  paralysis  of  these  parts.  But  the  question  arises, 
"  why  destruction  of  this  centre  in  men,  if  it  occur  on  the  right  side,  causes  no  effect,  while 
"if  it  occur  on  the  left  side,  loss  of  speech  results.  The  reason  of  this  appears  to 
"be  that  most  persons  ssre'left  brained;'  that  is,  that  although  a  speech  centre  exists  at 
*'both  sides,  yet  that  the  left  is  the  driving  side,  and  has  an  undue  preponderance  in  initia- 
"  ting  voluntary  movements.  Just  as  the  hand  centre  on  the  left  side  of  the  brain  has  been 
*'  educated  to  give  the  right  hand  its  superior  dexterity,  so  the  speech  centre  in  the  left  side  has 
*'been  educated  to  initiate  the  voluntary  recalling  of  words  and  the  associating  of  them  with 
"the  ideas  they  express.  The  power  of  speech  is  lost  just  as  the  power  of  writing  is  lost  in 
*'  the  left-sided  lesion  of  the  brain,  and  as  the  patient  can  educate  his  left  hand  (right  brain) 
*'  to  write,  so  he  can  educate  his  right  speech  centre  to  remember  words,  and  learn  again  to 
*'  talk,  o  That  such  recovery  of  speech  does  not  always  occur  depends  very  probably  on  the 
*'  fact  pointed  out  by  Vulpian  that  many  persons  with  aphasia  are  also  more  or  less  demented, 
"  (Dr.  Purser,  Irish  Hospital  Gazette)." 


FUNCTIONS  OF  THE  LOWER  NERVE-CENTRES. 


P. 


NOTE. 


Two  Tablets  liave  been  removed  from  fhis  fascicle :  "  Guiding-  Sensations^''  or  third  Tablet  on 
B.eflex  Action,  and  "  Kuss's  Classification  of  Reflex  Actions."  They  will  be  found  in  the  appendix. 
The  note  which  preceded  the  latter  Tablet  is  simply  reproduced  here  t- 


"KUSS'S  CLASSIFICATION  of  EEFLEX  AQTIONS  was  published  at  so  nearly 
*'the  same  date  as  my  own  and  so  much  resembles  it,  that  I  have  thought  it  desirable,  for 

the  sake  of  comparison,  to  transcribe  it  in  extenso.  I  may  add  that  my  first  Tablet  on  the 
"subject  was  lithographed,  and  was  widely  circulated  among  Students  in  this  country  {First 

or  Lithographed  Edition  of  the  Tablets  on  Physiology  ^  Renshaw,  1873)  nearly  two  years  before 
"  Professor  Kiiss's  Classification,  or  any  account  thereof,  appeared  in  the  English  language, 
"  or  became  known  to  me.  It  is  a  singular  coincidence  that  writers  of  two  different  countries 
"  should  develop  essentially  the  same  idea  at  so  nearly  the  same  time,  and  in  terms  so 
"nearly  equivalent.    It  will  be  observed,  however,  that  Professor  Second  Class^^ 

"corresponds  to  my  "  Third  Class,"  and  vice  versa. 

T.  C. 

June,  1876." 
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FUNCTIONS  of  the  NERVE-CENTRES  in  GENERAL 


Are :  - 

Conduction  -  The  cerehro-spinal  nerve-centres  are  as  perfect  conductors  as  are  the  nerves. 

Not  so  with  the  ganglia  of  the  sympathetic.  These  i77tpede  transmission,  and  render 
it  slow  and  imperfect :  none  but  intense  &  prolonged  irritations  are  perceived  through 
the  nerves  on  which  they  are  found,  and  none  but  intense  and  prolonged  irritations 
are,  through  the  instrumentality  of  these  nerves,  productive  of  motion.  (Vide  Sym- 
pathetic ITerve). 

Transference*  -  is  that  modification  of  the  conduction  of  sensory  impressions  through 
the  nerve-centres,  by  which  modification  an  impression  is  perceived,  generally 
more  or  less  altered,  and  as  if  it  zvere  derived  from  a  point  different  from  that 
frotn  which  it  really  was  derived.  Common  instances  of  transference  are  the 
painful  sensation  experienced  at  or  near  the  end  of  the  penis  when  the  bladder  is 
distended  with  urine,  or  when  its  walls  are  irritated  by  a  calculus;  the  pain  so 
commonly  felt  in  the  knee  in  hip-joint  disease ;  the  tickling  perceived  in  the  glottis 
when  any  part  of  the  respiratory  tract  is  irritated.  In  these  cases  the  primary 
impression  is  conveyed  to  the  cord  or  to  the  medulla  oblongata  by  the  afferent 
nerves  of  the  irritated  part,  and  is  there  transferred  to  the  central  ends  of  another 
set  of  nerve-fibres,  by  which  it  is  conducted  to  the  sensorium.  It  is  there  perceived 
as  if  it  had  originated  in  the  area  of  distribution  of  these  latter  nerve-fibres. 

DifiTusion  or  Radiation*  -  is  that  other  modification  of  the  conduction  of  sensory 
impressions  through  the  nerve-centres,  by  which  modification  an  impression  con- 
veyed to  a  nerve-centre  by  one  nerve  only,  is  perceived  as  if  it  had  been  conveyed 
by  several,  and  as  if  it  had  been  derived  from  an  area  much  more  extensive  than  that  of 
the  real  primary  impression.  The  pain  of  a  calculus  in  the  ureter  spreads  far  &  wide  ; 
the  aching  of  a  caried  tooth  may  extend  to  the  adjoining  sound  ones,  and  may,  in- 
dependently of  any  morbid  condition  of  the  central  part  of  the  5th  nerve,  be  accom- 
panied by  violent  &  extensive  neuralgia  of  the  face. 

Reflex  Action  -  Vide  two  following  Tablets. 

»  These  descriptions  are  now  somewhat  antiquated,  and  will  probably  be  removed  from  the 
^  next  issue  of  theXablets, 
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REFLEX  ACTION- 1st  Tablet. 


What  is  generally  understood  by  "  reflex  action  "  is  the  production  of  a  motor  impidse  in  a  nerve-centre^  and 
the  conveyance  of  this  impulse  from  the  nerve-centre  to  a  muscle  or  a  series  of  mticles  in  consequence  of  the  recep' 
tion  by  the  said  nerve-centre  of  a  sensory  hnp7'ession  conveyed  to  it  by  a  centripetal  nerve  ;-  of  the  reception  of 
"wliicli  impression  the  mind  may  or  may  not  be  conscious,  or  may  be  conscious  to  a  very  variable  extent. 

For  the  production  of  a  reflex  action  three  conditions  are  necessary  :  - 

1.  -  The  continuity  of  the  centripetal  nerve  between  the  irritated  point  and  the  nerve-centre. 

2.  -  The  uninjured  state  of  the  nerve-centre. 

3.  -  The  continuity  of  the  centrifugal  nerve  from  the  nerve-centre  to  the  muscle  or  muscles.  — 
Nothing  more  is  requisite. 

Hundreds  of  reflex  actions  are  constantly  taking  place  within  the  animal  frame.  They  are  all  pur- 
posive, and  adapted,  at  least  in  health,  to  secure  some  desirable  end. 

Taking  the  visceral  branches  of  the  pneumogastric  to  be  derived  from  the  ganglia  of  that  nerve,  and  to  be 
similar,  or  at  least  comparable,  to  the  sympathetic  nerves,  these  numerous  reflex  actions  may  be  cor- 
rectly and  conveniently  divided,  the  Author  believes,  into  four  classes  according  to  the  channels  through 
which,  in  each  individual  case,  the  sensory  impression  &  the  motor  impulse  are  conveyed.  The  sensory 
impression  &  the  motor  impulse  may  be  conveyed  respectively  by  :  - 
1st  Class  -  Two  cerebrospinal  nerves  ; 

2nd  Class  -  A  syjjipathetic  or  ganglionic  no-ve  &=  a  cerebrospinal  nerve  ; 

3rd  Class  —  A  cerebro- spinal  nerve      a  sympathetic  or  ganglionic  nerve  ; 

4th  Class  -  Two  sympathetic  or  ganglionic  nerves. 
These  classes,  in  well  marked  examples,  differ  considerably  in  general  outline. 

The  Reflex  actions  of  the  FIRST  CLASS  highly  resemble  volitional  acts.  In  man  they  are,  in  fact, 
but  artificial  or  acquired  reflex  actions  (Huxley),  actions,  which,  to  be  rightly  performed,  required  at 
first  the  exercise  of  both  attention  &  will,  iDut  which,  by  frequent  repetition,  are  subsequently  performed 
with  less  &  less  intellectual  guidance,  till  they  are  at  last  accomplished,  so  to  speak,  mechanically,  and 
without  the  mind  being  conscious,  or  wholly  conscious,  when  several  of  them  are  simultaneously  per- 
formed, of  their  separate  &  individual  performance.  They  can  he  controlled  by  the  ivill  zuhen  the  mind  is 
watchful  on  the  look-ozit.  They  are  often  most  complex,  but  are  nevertheless  performed  with  remark- 
able precision,  and,  when  it  is  required,  with  astonishing  rapidity.  -  Ex. :  Outstretching  of  the  artns  when 
the  body  is  falling;  movemettts  of  the  limbs  in  zvalking  or  runnhig;  movements  of  the  fingers  in  playing  a 
musical  instj-ument,  ^c. 

Those  of  the  SECOND  CLASS  form  part  of  several  of  the  thoraco-abdominal  functions.  They 
partake  to  a  less  extent  of  the  character  of  volitional  acts.     The  will  can  control  them  to  a  certain  extent 
only.    They  are  never  so  rapid,  nor,  though  they  are  often  very  extensive,  are  they  ever  so  complex  as 
are  some  of  those  of  the  first  class.  -  Ex. :  Muscular  contractions  in  breathing,  coughing,  vo?niting,  ^'c. 
\       /  Those  of  the  THIRD  CLASS  are  the  non- visceral  vaso-motor  reflex  actions,  which  govern  the 

nutrition  &  the  secretions  of  the  body  generally.  The  will  has  no  pozuer  over  them,  though  the  mind  may 
take  cognizance  to  a  considerable  extent  of  the  impressions  to  which  they  are  due :  -  Ex. :  Contraction  &>  dilata- 
tion of  the  capillaries  tinder  the  respective  infltiences  of  cold  6^  heat,  secretion  of  tears  after  the  irritation  of 
the  conjunctiva,  &^c. 

J  Those  of  the  FOURTH  CLASS  are  the  reflex  actions  of  the  thoraco-abdominal  viscera,  and  the 

vaso-motor  reflex  actions  which  govern  the  nutrition  &  the  secretions  of  the  latter.    The  will  has  no 
power  over  them,  and  the  mind  takes  no  cognizance  of  their  occurrence,  except  someti7nes  in  cases  of  disease.  -  Ex: 
Peristaltic  action  of  the  intestine^  secretion  of  gastric  jicice,  dy=c.  -  (Vide  Functions  of  the  Sympathetic). 
Reflex  actions  may  be  further  divided,  with  regard  to  the  mode  and  point  of  origin  of  the  motor  i?np2(lse,  into 
Excito-motor,  Sensori-motor,  &  Emotional  (Carpenter)  :  - 

When  the  spinal  cord  is  separated  from  the  sensorium,  either  structurally,  -  through  division  or 
injury,  -  or  functionally,  -  the  activity  of  the  latter  being  either  engaged  in  another  direction,  or  being 
temporarily  suspended,  as  in  profound  sleep,  -  the  exciting  impression,  arrested  in  its  course  towards 
the  brain,  reacts  upon  the  motor  centres  of  the  cord  or  medulla ;  and  the  reflex  action  induced  indepen- 
dently  of  sensation,  is  termed  Excito-Motor.  Such  reflex  actions  are  governed  by  the  laws  of  Pfliiger 
(Tide  Reflex  Action  of  the  Spinal  Cord).  The  reflex  actions  of  the  second,  third,  fourth  classes  belong 
more  or  less  to  this  category. 

Should  the  mind  be  intent  upon  impressions  derived  from  another  source,  the  supervening  im- 
pression, though  it  be  conveyed  to  the  sensorium,  may  still  not  be,  may  be  but  i??iperfectly  perceived ; — 
the  sensori-motor  ganglia  reacting  in  this  case,  so  to  speak,  automatically,  or  of  their  own  accord,  the 
reflex  action  induced  may  be  called  Sensori-Motor  or  Consensual  :  -  Such  are  the  ordinary  ambulatory 
movements  of  the  limbs.  And,  in  general,  all  movements  which  have  been  habitually  performed  in  a 
particular  sequence,  may  be  kept  up,  when  the  will  has  once  set  them  en  train,  through  the  automatic 
agency  alone,  the  impression  or  sensational  change  produced  by  each  action  supplying  the  stimulus 
which  calls  forth  the  next. 

Finally,  the  impression  may  be  perceived  in  the  sensorium,  and  conveyed  to  the  hemispheres* 
It  is  here  transformed  into  an  idea  ;  and  the  idea,  when  returned  to  the  sensorium,  there  gives  rise  to 
'  an  emotion.     The  responding  movement,  which,  if,  from  any  cause,  the  action  of  the  Will  be  either  sus- 
pended or  weakened,  is  still  essentially  reflex  in  nature,  is  now  termed  Emotional  or  Ideo-Motoe. 


KEFLEX  ACTION.— 2nd  Tablet, 


85 


AUTOMATIC  ACTION. 

Tho  prodiiction  of  the  motor  impulse  is  considereii  by  several  german  physiologists  as  the  mere  letting  loose,  by 
means  of  a  so-called  liberating  or  discharging  force of  previously  accumnlated  potential,  i.e.,  counterbalanced 
or  neutralised,  energy ;  which  potential  energy  would  thus  be  transformed  into  kinetic,  i.e.,  active  or 
efficient,  energy ;  and  upon  this  assumption  is  based  the  division  of  the  activities  of  the  nerve-centres  into 

Reflex  proper  &  Automatic. 

Automatic  action,  as  opposed  to  reflex  action  proper,  would  be  characterised,  as  regards  its  causation,  by  its 
originating  in  the  absence  of  any  external  influence,  and,  as  regards  the  action  itself,  by  its  being  either 
continuous, — muscular  tonus, — or  rhythmical, — respiratory  movements,  action  of  the  heart. 

And  here  comes  in  the  theory  of  "  inhibition  "  in  explanation  of  the  rhythmical  character  of  certain  automatic 
actions  :  -  A  certain  resistance  has  to  be  overcome  before  the  automatic  action  can  be  induced.  Hence  the 
liberated  energy  has  to  acquire  a  certain  tension  before  it  can  act  as  an  efficient  stimulus ;  and  any  force 
which  would  hinder  ('  inhibit ')  the  automatic  action,  i.e.,  increase  the  resistance  thereto,  would,  on  the 
one  hand,  slacken  its  rhythm,  and,  on  the  other,  proportionately  increase  its  energy. — "  Certain  phenomena, 
"  especially  the  action  of  some  fibres  of  the  vagus  of  the  heart,  can  only  be  explained  in  a  very  forced  manner 
"  by  other  theories.  If  it  be  established  as  a  certainty  that  the  influence  of  these  fibres  upon  the  central 
"oi'gans  merely  consists  in  a  modifying  action  exerted  by  them  upon  the  organs  in  question,  of  such  a  nature 
"  that  the  activities  of  the  latter  are  differently  distributed  as  to  time,  and  hence  that  the  strength  "  of  every 
"  discharge  of  energy  is  inversely  proportional  to  its  frequency,  it  can  only  be  explained  by  assuming  that; 
"  the  hypothetical  resistance  is  increased  by  the  activity  of  certain  fibres  (inhibitory  fibres)  and  diminished 
"by  the  activity  of  others  (accelerating  fibres)."  (Hermann). 

With  regard,  however,  to  the  Mechanism  op  their  Production,  all  reflex  actions,  and  even  all  ^  voluntary^  actions, 
are  essentially  autoinatic  ;  the  power  of  the  will  or  the  reflex  influence  of  a  sensory  impression  being  limited 
in  every  case  to  the  setting  in  motion  of  a  self-acting  apparatus,  which,  when  once  called  into  play,  will,  of 
itself,  either  comply  with  the  requirements  of  the  organism,  or  execute  the  mandates  of  the  will.  The 
will,  in  fact,  in  no  wise  exercises  that  direct  control  over  the  'voluntary'  movements,  which  ordinary 
phraseology  would  seem  to  im^Dly.  Its  influence  is  directed  towards  the  result  of  muscular  action,  not  towards 
the  singling  out  of  the  individual  contractions  in  their  necessary  combination  &  sequence.  "  If  it  were 
"  otherwise,  we  should  be  dependent  upon  anatomical  knowledge  for  our  power  of  performing  the  simplest 
"movements  of  the  body;  whereas  we  find  the  fact  to  be,  that  the  man  who  has  not  the  least  idea  of  the 
"  mechanism  of  muscular  action,  can  acquire  as  complete  a  command  over  his  movements,  and  can  adapt 
"  them  as  perfectly  to  the  desired  end,  as  the  most  accomplished  anatomist  could  do.  Further,  we  cannot, 
"  by  any  exertion  of  the  will,  single-out  a  particular  muscle,  and  throw  it  into  contraction  by  itself,  unless 
"that  muscle  be  one  which  is  alone  concerned  in  an  action  that  we  can  voluntarily  perform;  and  even  then 
"we  single  it  out  by  willin'g  tJie  action.  Thus  we  can  put  the  levator  palpebrcB  in  action  by  itself;  but 
**this  we  do,  not  by  any  conscious  determination  of  power  to  the  muscle  itself,  but  by  willing  to  raise  the 
^'eyelids"  (Carpenter), 

The  only  essential  difference  between  voluntary  &  involuntary  movements  lies  therefore  in  the  origin  of  the 
stimulus  which  calls  the  automatic  agency  into  play.  And  even  this  difference  is  more  apparent  than  real, 
as  is  shown  by  that  gradual  conversion  of  volitional  into  involuntary  &  even  unconscious  action,  which  conver- 
sion gives  rise  to  the  *  reflex  actions  of  the  flrst  class.'  The  nervous  system  'grows  to'  the  mode  of  action  in 
which  it  is  habitually  called  into  play,  the  same  kind  of  connection  between  the  sensory  and  motor  nerves 
being  established  by  a  process  of  gradual  development,  as  that  which  was  original  or  innate.  "  Whilst 
"  special  tracts  are  originally  marked  out  for  the  automatic  (primarily  automatic)  movements,  others  may 
*'be  gradually  worn-in,  so  to  speak,  by  the  habitual  action  of  the  Will ;  and  thus,  when  a  train  of  sequential 
"  actions  primarily  directed  by  the  Will  has  been  once  set  in  operation,  it  may  continue  without  any  further 
"influence  from  that  source.  ...  It  is  whilst  the  organism  is  growing  most  rapidly,  and  the  greatest 
"  amount  of  new  tissue  is  consequently  being  formed,  that  the  assimilative  processes  most  readily  take  on 
"  that  new  mode  of  action,  which  often  becomes  so  completely  a  '  second  nature,'  as  to  keep  up  a  certain 
"  acquired  mode  of  nutrition  through  the  whole  subsequent  life.  Habits  are  far  more  readily  acquired 
"  during  the  periods  of  infancy,  childhood,  and  youth,  than  they  are  after  the  attainment  of  adult  age ;  and 
"the  earlier  they  are  acquired,  the  more  tenaciously  are  they  retained."  (Carpenter). 

Furthermore  the  response  of  the  Cerebrum  itself  is  often  as  essentially  reflex  or  automatic  as  is  that 
of  the  muscles.  To  individual  peculiarities  in  the  mode  of  action  (and  probably  also  in  the  acquired  con- 
struction) of  the  nerve-centres  are  due  the  individual  peculiarities  of  character.  And  these  are,  though 
doubtless  to  a  variable  extent,  on  the  one  hand  inherited,  on  the  other  hand  acquired,  -  the  natural  &  unre- 
strained  response  of  the  cerebrum  being,  in  every  case,  both  as  regards  mental  action  &  emotional  condi- 
tions, the  resultant  in  each  individual  of  the  promptings  of  the  congenital  constitution,  modified  by  the 
effects  of  early  training.  "  If  any  two  mental  states  be  called  up  together,  or  in  succession,  with  due 
"  frequency  and  vividness,  the  subsequent  production  of  one  of  them  will  suffice  to  call  up  the  other,  and 
..  "  that  whether  we  desire  it  or  not."  (Huxley). 

The  reflex  activity  is  greatest  in  yoimg  animals,  and  greater  in  birds  than  in  mammals,  in  mammals  than  in  fishes. 
It  is  exalted  by  strychnia,  opium,  alcohol,  nicotine,  partial  interruption  of  the  blood-supply.  It  is  enfeebled  by 
chloral  hydrate,  belladonna,  bromide  of  potassium,  exhaustion  of  the  nerve-centres.  The  more  powerful 
the  stimulus,  the  more  rapidly  the  reflex  action  takes  place.  A  reflex  action  is  induced  earlier  on  the 
irritated  side  of  the  body,  than  on  the  other  side. 
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FUNCTIONS  of  the  SPINAL  CORD.- 1st  Tablet. 


EXCITABILITY. 

It  is  a  debated  point  whether  the  spinal  cord  is  directly  excitable  by  any  of  the  artificial  stimuli  that  we 
can  experimentally  apply  to  it,  as  it  was  still  said  to  be  a  few  years  ago,  in  acordance  with 
the  doctrines  of  Sir  C.  Bell  &  Longet.  -  According  to  Brown-Seqitard,  the  stimuli,  which, 
when  applied  to  the  anterior  &  posterior  roots  of  the  spinal  nerves,  give  rise,  in  the  one 
case,  to  muscular  contractions,  and,  in  the  other,  to  pain,  do  not,  except  in  the  case  of  the 
electric  stimulus,  give  rise  to  any  such  effects  when  carefully  applied  to  the  surface  of  the 
cord,  even  the  exception  in  the  case  of  the  electric  stimulus  only  occurring  when  the  current 
■used  is  a  strong  one,  and  when  the  cord  is  irritated  in  the  vicinity  of  the  roots  of  the  nerves; 
in  such  cases  the  irritation  extends  to  the  internal  or  deep  part  of  the  roots  of  the  nerves,  and  it 
is  through  the  agency  of  these  roots,  just  as  when  they  are  irritated  at  some  distance  from 
the  cord,  that  either  pain  is  produced,  or  muscular  contractions  take  place.  The  proper  or 
commissural  fibres  of  the  cord  are  totally  zcnexcitable.  -  According  to  Vulpian^  the  posterior 
columns  &  the  adjacent  part  of  the  lateral  columns  are  sensitive,  and  the  anterior  columns 
&  the  adjacent  part  of  the  lateral  columns  are  somewhat  excitable  (motor),  the  sensibility 
of  the  former  and  the  excitability  of  the  latter  being  most  marked  towards  the  surface  and 
in  the  vicinity  of  the  roots  of  the  nerves,  but  not  being  entirely  due,  however,  to  the 
instrumentality  of  these  roots  :  -  The  posterior  columns,  after  being  divided  transversely 
and  separated  from  the  adjoining  parts  for  a  distance  of  several  centimetres,  still  show 
Bigns  of  sensibility;  upon  the  posterior  &  lateral  columns,  with  the  anterior  and  posterior 
roots,  being  removed  for  a  distance  of  several  centimetres,  the  anterior  columns  &  the 
grey  matter  alone  being  left,  these  anterior  columns  are  still  found  to  be  excitable. 

Eemarks.  -  The  postet'ior  cohnnns  have  probably  no  sensibility  of  their  own',  Yulpian'g 
experiment  does  not  prove  the  contrary,  for  it  has  been  shown  that  in  some  parts 
of  the  cord,  in  the  lumbar  portion  in  particular,  the  posterior  roots  run  upwards  for  at 
least  two  or  three  inches  before  they  enter  the  grey  substance.  It  is  probable,  therefore, 
that  the  proper  fibres  of  these  columns  are  mainly  commissural,  and,  that  they  inerely 
connect  the  different  segments  of  the  grey  matter,  and  aid  in  the  co-ordination  of  the  77tore  cojnplex 
movements :- Theiv  degeneration  induces  locomotor  ataxy;  and  if  they  are  divided  trans- 
versely in  several  places,  the  movements  of  locomotion  become  more  and  more  inco- 
ordinate in  proportion  to  the  n amber  of  transverse  sections.  Vulpian  is  probably  right, 
however,  in  saying  that,  independently  of  their  roots,  the  anterior  columns  are  somewhat  excitable. 
They  are  also  slightly  sensitive,  as  are  the  anterior  roots ;  their  sensibility  being  doubtless 
due  to  the  prolongation  backwards  towards  the  cord  of  those  recurrent  sensory  fibres 
which  the  anterior  roots  derive  from  the  posterior  ones. 

It  is  generally  agreed  that  the  grey  substance  of  the  cord  is  both  unexcitable  and 
destitute  of  sensibility. 
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FUNCTIONS  of  the  SPINAL  CORD- 2nd  Tablet. 

CONDUCTION. 

It  was  believed  up  till  lately,  also  in  accordance  -with  the  doctrines  of  Sir  C.  Bell  &  Longet,  that  the 
antero-lateral  &  posterior  columns  of  the  cord  were,  at  least  functionally,  the  continuation  of  the 
corresponding  roots  of  the  nerves,  and  that,  as  these  roots  are  conductors  of  motor  impulses  & 
sensory  impressions  respectively,  so  were  also  the  latter.  This  belief  wai  based  partly  upon  the 
mistaken  notion  that  the  tracts  of  the  cord  were  directly  excitable,  and  that  they  responded,  as  do 
the  roots  of  the  nerves,  to  the  stimuli  applied  to  them ;  and  also  partly  upon  the  results  of  the  follow, 
ing  rough  experiment :  -  The  cord  was  cut  through  horizontally  and  electric  stimuli  were  applied  to 
the  cut  surfaces  of  the  segments.  Mttscular  contractions  were  then  seen  to  take  place  when  t?jie  stim- 
ulus was  applied  to  the  cut  stirface  of  the  caudal  portion  of  the  antero-lateral  column.^  while  pain  was 
manifested  when  the  stimulus  was  applied  to  the  cut  surface  of  the  cephalic  portion  of  the  posterior  column. 
—  In  this  experiment  both  the  muscular  contractions  produced  and  the  pain  elicited,  were  due,  not, 
as  was  presumed,  to  irritation  of  the  proper  fibres  of  the  cord,  but  to  irritation  of  the  internal 
or  deep  part  of  the  roots  of  the  Jierves  as  they  ascend  or  descend  between  the  white  fibres  of  the  cord  to 
join  the  cells  of  the  grey  matter.  The  conclusion  was  therefore  groundless. 
The  correct  statement  of  facts  is  as  follows  :  - 

Sensory  Impressions: 

I.  -  Pass  for  a  short  distance  upwards       downivards  through  the  white  substance,  along  the  fibres 

of  the  internal  or  deep  part  of  the  posterior  roots,  as  is  shozun  by  : 

After  the  operation  sz'^ns  of  pain  are  elicited  by 
irritatimi,  on  cither  stcrface  of  section,  of  the  inter- 
Transverse  section  of  posterior  Jialf  of  cord  :  -         nal  or  deep  part  of  the  posterior  roots,  as  they 

ascend  and  descend  respectively  in  the  cephalic  & 
caudal  segments  of  the  cord.  * 

II.  -  Cross  over  entirely  ( Brown-Scquard ),  almost  entirely  (  Vulpian ),  into  the  opposite  side  of  the  cord, 

as  is  shown  by  : 

Sensation  totally^  tost,  or  greatly  impaired,  in  oppo- 
Transverse  section,  of  one  lateral  halfoi  cord  :  -     site  side  of  body,  slightly  impaired,  perhaps,  on  side 

of  section. 

3Iedian  section  down  the  cord  :  -  ,   Sensation  totally  lost,  or  greatly  impaired,  on 

ootn  sides. 


III.  -  Ascend  to  the  cerebrum  through  the  grey  matter,  as  is  shozun  by 

Sensaiio7i 
on  either  side, 


Transverse  section  ofhoVs).  antero-lateral       ^os-  ,.  •    .  •    j   ^^v,.*  „t™i,*i,,  i™  •  i 

ierior  columns,  the  grey  matter  alone  being  left        ItlZtTJ"'"''^'''''  '  slightly  impaired, 

uninjured :  -, 

Transverse  section  of  antero-lateral  columns  &' 
prey  matter,  posterior  columns  alone  remaining        f,       ,.     .  ,  n  j   .     r  .j  •■, 
tninjured;  or  of  posterior  columns  &^  grey  matter.        Sensation  totally  lost  on  both  sides. 
antero-lateral  columns  alone  remaining  uninjured  : 

It  may  be  added  that  partial  destruction  of  the  grey  matter  impairs  the  sensibility  in  all  the  parts 
below,  but  does  not  destroy  or  diminish  it  in  any  one  part  in  particular;  and  that  sensibility  is  never 
entirely  lost  so  long  as  any  of  the  grey  matter  remains  uninjured. 

*  An  additional  remarkable  result  of  this  experiment  is  the  increased  sensibility  of  all  the  parts  below, 
•which  is  observable  a  few  hours  after  the  operation,  and  which  persists  to  a  greater  or  less  extent  for 
several  days  or  weeks;  it  is  probably  due  to  the  congestion  of  the  cord  inconsequence  of  the  suppressed 
action  of  the  vaso-motor  nerves.  Division  of  one  lateral  half  of  the  cord  similarly  affects  the  corres- 
ponding half  of  the  body. 

Motor  Impulses: 

I.  -  Descend  from  the  cerebrtim  through  those  fibres  of  the  mesoccphalon  cs'  medulla  oblongata  which 
are  contimtous  with  the  opposite  antero-lateral  cohcmn  of  the  cord,  as  is  shozun  by  : 

Disease  of,  or  injury  to,  one  side  of  the  cerebrum.  Motor  power  totally  lost,  or  very  greatly  im- 
or  division  of  one  of  the  crura  cerebri  or  of  one  of  paired,  usually  in  limbs  of  opposite  side,  &  in  opposite 
the  anterior  pyramids  above  the  decussation  :  -  half  of  body. 

IL  -  Pass  to  a  great  extent  into  the  opposite  side  of  the  cord  at  the  point  of  decussation  of  the  anterior 
pyramids,  as  is  shozvn  by : 

n-^„„„,„  ^„    „  4-      r.t        7  4     1  r  If  r.t  r.,^r.A         Motor  powcr  totally  lost,  or  very  greatly  im- 

Me,!...ai.U,.„.,,p,,u„f^a...t!„,...        ^SX'J^tL^iS'ief^:  '''f'^  ''''''' 
HI.  -  Descend  through  the  antero-lateral  cohcmn  ^  perhaps  also  through  the  adjoining  part  of  the 
grey  substance,  as  is  shown  by : 

Transverse  section  of  posterior  columns  grey  Motor  power  slightly  itnpaired  in  all  the  parts 
matter  (the  grey  matter  cannot  be  divided  alone  :  -  below. 

Median  section  down  the  cord  ;  -  Motor  power  unimpaired  on  either  side. 

It  must  be  added  that  some  of  the  fibres  of  the  anterior  roots  decussate  throughout  the  whole  or 
nearly  the  whole  of  the  cord;  these  fibres  are  probably  concerned  in  the  conveyance,  not  of  voluntary, 
but  merely  of  reflex  impulses  (Brown-S^quard). 

+  In  the  cervical  region  division  of  the  lateral  column  alone  produces  a  greater  amount  of  paralysis 
than  division  of  the  anterior  column  alone;  in  the  dorsal  &  lumbar  regions,  division  of  the  anterior 
column  alone  produces  a  greater  amount  of  paralysis  than  the  division  of  the  lateral  column  alone. 
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FUNCTIONS  of  the  SPINAL  COED -3rd  Tablet 


SPECIAL  SENSORY  &  MOTOR  CHANNELS. 

Appear  to  be  devoted  to  tlie  conveyance  of  the  impressions  of  pain,  temperature ^  touch  6* 
ticklijtg,  &  the  imiscular  sense,  and  to  the  conveyance  of  the  invohmfary  motor  impulses  oj 
^z7^/j7  (Bi-own-Seqnard), -The  conductors  of  impressions  oi  pain  are  disseminated 
throughout  the  posterior  &  lateral  parts  of  the  grey  substance.  The  conductors  of  impres- 
sions of  temperoJiire  are  found  in  the  central  parts  of  the  same.  The  conductors  of  the 
impressions  of  toiuh  6^  iickiinglie  mainly,  according  to  some  physiologists,  in  the  anter- 
ior part  of  the  grey  substance,  SchifE  maintains,  however,  that  they  lie  in  the  posterior 
white  columns.  The  conductors  of  the  muscitlar  sense,  appear  to  decussate  in  the  meduUaj 
not  in  the  cord.  The  fibres  which  convey  the  invohmtary  motor  impulses  of  epilepsy  He 
according  to  Brown- Sequard  in  the  lateral  white  columns,  and,  in  accordance  with  this 
supposition,  Charcot  has  observed  that  Sclerosis  of  these  columns  is  invariably  accom- 
panied by  muscular  spasms. 
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FUNCTIONS  of  the  SPINAL  C0RD.-4tli  Tablet. 

KEFLEX  ACTION. 

Is  excito-motor.  Tlie  cord  contains  the  vesical,  anal,  &  genital  centres,  and,  witli  the  medulla, 
it  governs  the  calibre  of  the  blood-vessels  (Vide  Yaso-motor  reflex  action  &  sympathetic  nerves), 
and  maintains  the  musctdar  tomis  throughout  the  body. 

The  reflex  power  of  the  cord  increases  when  the  cord  is  severed  from  the  cerebrum,  and,  as  successive 
transverse  sections  are  made  from  before  backwards,  the  reflex  power  of  the  gradually 
diminishing  caudal  segment  progressively  increases  (Schiff).  This  can  hardly  be  attri- 
buted to  the  suppression  of  any  intra-cranial  (Setschenow)  or  spinal  (Nothnagel)  inhibitory 
centres,  and,  in  all  probability,  is  simply  due  to  the  hicreased  excitability  of  the  grey  matter 
induced  by  local  irritation  (Kiiss)  ;  any  irritation  of  the  cord  induces  hyperaesthesia,  which 
condition  must,  a  stimulus  being  given,  increase  the  energy  of  the  corresponding  reflex 
action  (Dalton).  -  This  increased  excitability  might,  it  is  true,  be  QXiT\h\\.iQ,^,\jO  increased 
vascularity  dependent  tipon  increased  vaso-motor,  or  suppressed  vaso-inhibitory  action.  This  sup- 
position would  tally  with  the  fact,  which  lies  at  the  basis  of  Setschenow's  &  Nothnagel's 
hypothesis,  i.e.,  that  irritation  of  the  cerebral  ganglia,  the  medulla,  or  the  upper  part  of  the 
spinal  cord  diminishes  both  the  excitability  &  the  vascularity  of  all  the  parts  below ;  and  it 
would,  to  a  great  extent,  conciliate  both  opinions. 

The  lazvs  of  Pfiiiger  govern  the  reflex  actions  of  the  first  class  both  as  regards  the  muscles  called 
into  play,  and  as  regards  the  energy  of  their  contraction ;  these  laws  are  as  follows  :  - 

1.  The  minimal  impression  is  reflected  wqotl  ^  motor  nerve  of  the  same  plane  and  same  side 
of  the  body,  and  upon  the  muscle  or  muscles  it  supplies. 

2.  A  stronger  impression  is  reflected,  not  only  as  above,  but  also  upon  the  corresponding 
nerves  6^  muscles  of  the  opposite  side,  these  latter  muscles  contracting  less  vigorously  than,  or 
at  most  as  vigorously  as,  those  of  the  side  irritated. 

3.  An  i7npression  somezvhat  stronger  is  reflected  upon  the  nerves  above,  either  of  the  same  side 
of  the  body  or  of  both  sides,  -  never  upon  the  nerves  below. 

4.  An  vnpression  stronger  still  reaches  the  medulla  oblongata,  is  reflected  upon  all  the  motor 
nerves  of  the  body,  and  gives  rise  to  general  convtdsions. 

A.S  far  as  the  reflex  actions  of  the  first  class  are  concerned,  the  power  of  the  cord,  when  isolated  from 
the  cerebrum,  is  relatively  slight  in  man  &=  in  the  warm-blooded  animals  generally.  In  both  cases 
the  decapitated  body  rolls  over  into  any  fortuitous  position  which  its  weight  and  the  resist- 
ance  of  surrounding  objects  may  combine  to  give  it,  and  the  movements  of  the  parts  irri- 
tated  are  disorderly  and  apparently  purposeless.  A  brainless  frog,  on  the  contrary,  maintains 
very  nearly  its  normal  attitude  ;  if  a  limb  be  irritated,  it  is  withdrawn  towards  the  body,  if  a 
drop  of  acid  be  placed  on  the  inner  condyle  of  the  femur,  the  animal  will  wipe  it  away, 
using  either  the  foot  of  the  same  side,  or,  if  it  be  prevented  from  doing  this,  using,  after  a 
moment's  hesitation,  the  foot  of  the  opposite  side .  '      "  i- 

That  these  phenomena  are  due,  not  to  any  psychical  action,  but  simply  to  the 
reflex  activity  of  the  spinal  cord,  is  shown  by  the  great  uniformity  of  the  movements 
in  question,  and  by  the  absence  of  all  spontaneous  action  in  the  part  of  the  decapitated 
trunk.  The  lower  an  animal  is  placed  in  the  scale  of  beings,  the  more  its  actions  are  go- 
verned by  the  pre-arranged  mechanism  of  its  nerve-centre,  and  the  less  is  left  to  voluntary 
choice;  the  more,  therefore,  of  those  movements  which  appe8?r  to  be  purposive,  can  be  per- 
formed under  the  sole  influence  of  the  cord.  te.^ 
The  vesical,  anal,  ^  genital  centres  lie  in  the  lumbar  portion  of  the  cord,  and  the  normal  move= 
ments  of  the  pelvic  organs  may  be  induced  by  irritation  either  of  these  centres  or  of  the 
nerves  emanating  from  them. 

The  anal  centre  governs  the  reflex  actions  of  the  sphincter  &  levator  ani  and  of  the  cir- 
cular &  longitudinal  fibres  of  the  gut ;  upon  the  rectum  becoming  distended,  the  sphincter 
relaxes  (unless  it  be  contracted  voluntarily),  and  both  the  levator  ani  &  the  fibres  of  the  gut 
contract,  the  former  drawing  upwards  and  opening  the  orifice,  the  latter  expelling  the  faeces.- 
The  power  of  the  sphincter  to  resist  defecation  is  overcome  ( involuntary  discharge )  when  the 
distention  of  the  gut  increases  beyond  a  certain  limit,  especially  if  the  irritability  of  either 
the  rectum  or  cord  be  increased  by  disease.  The  discharge  though  still  remaining  inter- 
mittent, becomes  both  involuntary  imconscious  when  the  cord  is  injured  above  the  anal 
centre.  When  the  anal  centre  itself  is  destroyed  the  fseces  are  evacuated  asfastasthey  descend 
into  the  recttcm,  the  sphincter  being  paralysed. 

The  vesical  centre  governs  the  reflex  contractions  of  the  sphincter  vesicse  and  of  the 
muscular  coat  of  the  bladder ;  -  the  refiex  action  of  micturition  is  similar  to  that  of  defecation, 
and  it  is  similarly  affected  by  injury  to  the  spinal  cord. 

The  genital  centre  governs  the  phenomenon  of  erection  both  in  the  male  and  female,  and 
the  reflex  contractions  of  the  vesiculse  seminales,  vasa  deferentia,  pregnant  uterus  & 
perinseal  muscles.  All  the  genital  functions  may  be  performed  under  the  sole  influence  of 
this  centre  (Goltz  &  Frewsberg).  -  Erection  consists  in  the  active  dilatation  of  the  arteries  of 
ihe  erectile  organs,  and  may  be  induced  by  irrritation  of  the  nervi  erigentes,  which  ai'ise  from 
''die  above  centre  and  traverse  both  the  sacral  &  hypogastric  plexuses  (Eckhard). 
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FUNCTIONS  of  the  MEDULLA  OBLONGATA.-lst  Tablet. 


CONDUCTION  —  The  motor  impulsei  decussate  in  the  anterior  'pyramids  ;  and  so  do  also  the  vaso- 
motor impulses  (Schiff).  Sensory  ' impressions,  those  of  the  muscular  sense  excepted  '(Brown- 
S^quard),  do  not  decussate  in  the  medtdla  ;  they  decussate  in  the  cord  below. 

REFLEX  OR  AUTOMATIC  ACTION  —  Governs:- 

Mastication  <£r^  Deglutition  ; 

Phonation,  Articulation^  dr»  Mimetic  expression  ; 

Respiration  ; 

The  action  of  the  heart ; 

Vaso-motor  refiex  action  ; 

The  movements  of  the  iris. 

Mastication  &  Deglutition  -  That  mastication  &  the  first  act  of  deglutition,  though  they 

are  controllable  by  the  will,  are  nevertheless  of  a  somewhat  reflex,  associated^  or  secondarily 
azitomatic  character,  is  shown,  not  only  by  their  continuance,  though  the  voluntary  stimulus 
(the  meal  being  once  begun)  be  partly  or  wholly  withdrawn,  but  also  by  their  imperfect 
performance  by  the  direct  influence  of  the  will,  when  the  fifth  nerve  is  paralysed.  The 
second  <Sr=  third  acts  of  deglutition  are  cojnpletely  automatic,  and  as  long  as  the  medulla  is 
entire  or  not  seriously  injured,  they  continue  to  be  performed  spontaneously  when  food 
is  introduced  into  the  back  of  the  mouth.  -  The  afferent  nerves  engaged  in  this  reflex 
action  are  the  inferior  division  of  the  fifth,  the  glosso-pharyngeal,  &  the  superior  laryn- 
geal branch  of  the  pneumogastric ;  the  motor  nerves  are  the  motor  root  of  the  fifth,  the 
facial,  the  pharyngeal  &  inferior  laryngeal  branches  of  the  pneumogastric,  &  the  hypo- 
glossal. 

Phonation,  Articulation,  &  Mimetic  Expression  -  These  are  also  associated  or  sec- 
ondarily automatic  actions,  and  there  are  good  reasons  to  believe  (Van  der  Kolk,  Duchenne, 
Lockhart  Clarke)  that  their  centre  is  in  the  olivary  micleus.  -  The  stimuli  for  these  reflex 
actions  may  be  conveyed  to  the  medulla  through  any  sensory  nerve,  or  may,  in  the 
shape  of  emotions,  be  handed  down  from  the  ganglia  of  the  base  of  the  brain :  -  A 
shriek,  -  unconscious  &  purely  excito-motor  in  character,  -  is  uttered,  though  the  whole 
encephalon,  excepting  the  medulla,  be  removed,  when  either  the  medulla  is  irritated  or 
the  foot  is  pinched  (Yulpian). 

The  eflEerent  nerves  govern  the  laryngeal  muscles  (superior  &  inferior  laryngeal 
branches  of  the  pneumogastric),  those  of  the  tongue  (hypoglossal),  those  of  the  face 
(portio  dura  of  the  7th)  ;  -  the  glosso-labio-laryngeal  paralysis  is  the  expression  of  chronic 
degeneration  of  the  grey  matter  of  the  medulla. 

Respiratory  Movements  -  -^^^  sufiiciently  under  the  control  of  the  will  to  render  them 
subservient  to  phonation  &^  articidation,  but  unrestrainable  beyond  these  limits ;  therefore 
essentially  automatic,  unaccompanied  by  fatigue,  tisually  unconscious.  The  centre  which 
governs  them  lies  in  the  interior  of  the  medulla  opposite  or  a  little  below  the  origin  of  the 
pneumogastric  nerves ;  and  not  only  may  the  cerebrum,  cerebellum,  mesocephalon,  and 
the  spinal  cord  up  to  the  origin  of  the  phrenic  nerves  (and  in  birds  &  reptiles,  which 
have  no  diaphragm,  up  to  the  medulla  itself)  be  removed  gradually  without  respiration 
•  ceasing,  but  even  the  exterior  of  the  medulla  may  be  shaved  oflE  to  within  a  few  lines  of 
this  part,  and  the  animal  will  still  continue  to  breathe. 

The  chief  afferent,  sensory,  or  excitor  nerve  is  the  pneumogastric  ;  when  both  pneumo- 
gastrics  are  divided,  the  inspiratory  movements  become  much  slower,  though  somewhat 
deeper  (Vide  Pneumogastric  Nerve).  That  other  nerves  also  may  convey  the  impression 
of  the  necessity  of  breathing  is  rendered  evident,  however,  by  the  sudden  gasping  for 
breath  produced  by  the  dashing  of  cold  water  into  the  face,  and  by  the  deep  inspiration 
preparatory  (as  the  case  may  be)  to  sneezing,  coughing,  vomiting,  or  to  the  voiding  of 
the  urine  or  of  the  faeces,  or  to  the  expulsion  of  the  foetus,  produced  by  irritation  of  the 
nasal  fossse,  or  of  the  lower  part  of  the  respiratory  or  upper  part  of  the  digestive  tracts, 
or  of  the  bladder,  rectum,  or  uterus.  The  circulation  of  imperfectly  aerated  blood  in 
the  medulla  oblongata  itself  may  also  act  as  a  stimulus  to  respiration ;  an  excess  in  the 
amount  of  carbonic  acid  in  the  blood  stimulating  the  medulla  more  than  a  deficiency  in 
the  proportion  of  oxygen.  The  most  important  effo'ent  or  motor  nerve  is  the  phre^iic,  but 
almost  all  the  nerves  of  the  body  may  be  considered  to  foi-m  part  of  the  respiratory 
system  of  Sir  C.  Bell,  for  almost  every  muscle  may  be  called  into  play  in  violent  respira- 
tory efforts :  -  Division  of  the  cord  in  the  lower  cervical  region  paralyses  the  intercostal 
fmiscles  ;  respiration  is  then  continued  by  the  diaphragm.  t)ivisi.on  above  the  Zrd  cervical 
vertebra,  paralyses  the  diaphragm  also ;  suffocation  then  takes  place  rapidly,  inspiratory 
efforts  continuing,  however,  for  a  time  in  the  muscles  of  the  face,  neck  &  larynx.  As 
soon'  as  the  respiratory  centre  is  injured,  respiration  ceases  iinmediately  ;  no  further  attempt 
whatever  being  made  at  inspiration,  the  stimulus  for  which  is  no  longer  perceived  j  as 
a  consequence,  the  action  of  the  heart  is  soon  arrested.  Division  of  the  medulla  above  the 
respiratory  centre  interferes  merely  with  the  inspiratory  movements  of  the  nostrils. 
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FUNCTIONS  of  the  MEDULLA  OBLONGATA.-2nd  Tablet. 


Action  of  the  Heart  -  The  medulla  oblongata  contains  both  the  cardio-motor,  theuagalor 
extra-cardiac  inhibitory  centres  (Vide  two  following  Tablets). 

Vaso-Motor  Reflex  Action  -  The  medulla  oblongata  contains  both  the  vaso-motor  &=  the. 
vaso -inhibitory  centres ;  the  former  extending  in  the  rabbit  from  a  little  above  the  apex  of 
the  calamas  scriptorius  to  a  little  below  the  tubercula  quadrigemina  (Ludwig  & 
Owsjannikow),*  and  being,  on  the  one  haiid,  in  co}ista7it  automatic  actiofi,  inducing  arterial 
tonus  and,  on  the  other  hand,  in  reflex  relation  with  affereiit  and  efferent  nerve-fibres,  which 
latter  fibres  decussate  in  the  anterior  pyramids  (Brown-Sequard),  descend  along  the  antero- 
lateral columns  of  the  spinal  cord,  issue  through  the  anterior  roots  of  the  spinal  nerves,  and 
then  run  both  along  the  spinal  and  along  the  sympathetic  nerves,  which  latter  nerves  they 
join  through  the  rami  communicantes  :  -  If  the  vaso-motor  centre  be  stimtdatedhj  direct  excita- 
tion of  the  medulla,  by  the  venous  condition  of  the  blood,  or  by  irritation  of  almost  any  sen- 
sory  nerve,  or  if  tJie  spinal  cord  or  a  vaso-motor  nerve  be  stimtdated,  and  an  artery  be  watched, 
the  artery  will  be  seen  to  contract^  the  stream  of  blood  in  its  interior  being  first  accelerated, 
then  slackened,  and  finally  perhaps  arrested.  If  the  vaso-motor  centre  be  destroyed,  or  if  the 
cord  below  it  or  a  vaso-motor  nerve  be  divided,  or  if  the  vaso-inhibitory  centre  be  stimulated  through 
the  depressor  nerve,  and  an  artery  be  vfdi.tched.,  the  artery  will  be  seen  to  dilate ;- s^nd,  if  the 
area  of  vaso-motor  action  be  extensive  (as  when  either  of  the  two  centres,  or  the  spinal  cord, 
or  a  commanding  nerve,  such  as  the  depressor  or  one  of  the  splanchnics,  is  brought  into 
play),  the  general  arterial  pressure  will  be  either  considerably  elevated  or  considerably 
depressed,  and,  in  addition,  the  action  of  the  heart  will  be,  in  the  one  case  slackened,  in  the 
other  case  accelerated,  f 

The  coitrse  of  the  vaso-motor  nerves  is  somewhat  complex :  -Those  of  the  limbs  proceed 
from  about  the  middle  of  the  thoracic  portion  of  the  spinal  cord,  those  of  the  upper  limb 
ascending  to  the  cords  of  the  brachial  plexus  through  the  superior  thoracic  portion  of  the 
sympathetic,  and  those  of  the  lower  limb  descending  through  the  abdominal  &  pelvic  por- 
tions of  the  same  to  join  the  anterior  crural  &  sacral  nerves.  Division  of  the  roots  of  the 
nerves  of  the  limbs  in  the  spinal  canal  does  not  afEect  the  temperature  of  the  limbs ;  the 
temperature  of  either  limb  is  suddenly  raised,  however,  by  division  of  the  cords  of  the  coi^es- 
ponding  plexus,  -  The  vaso-motor  nerves  of  the  head  6^  neck  follow  the  cervical  portion  of 
the  sympathetic.  -  Those  of  the  abdominal  viscera  descend  through  the  splanchnic  nerves.  — 
The  vaso-motor  fibres  which  run  along  the  sympathetic  nerves  arise  also  in  part  from  the 
Sympathetic  ganglia,  as  is  shown  by  the  influence  of  the  submaxillary  ganglion  over  the 
vascularity  &  secretion  of  the  submaxillary  gland  (Vide  Functions  of  the  Sympathetic). 

*  In  some  animals  the  vaso-motor  centre  appears  to  be  prolonged  downwards  into  the  cord  (Brown- 
S^quard)  ;  in  others  it  is  prolonged  upwards  into  the  7nesocepJtalon  &  the  crura  cerebri  (Schiff). 

t  "  Increased  blood-pressure  exerts  a  double  action.  On  the  one  hand,  it  excites  the  heart  to  in- 
"  creased  frequency  of  action  by  direct  irritation  of  its  motor  ganglia  ;  on  the  other  hand,  it  stimulates  the 
"vagal  centres  in  the  Medulla,  and  thus  causes  slowing  of  the  heart,  the  actual  result  in  any  given  case 
*'  being  dependent  upon  the  preponderating  influence  of  the  cardiac  motor  or  medullary  inhibitory  centres. 
"Usually  the  medullary  centres  are  strongest,  and  increased  blood-pressure  causes  slowing  of  the  heart ; 
"  but  if  the  vagi  be  divided,  so  that  they  can  no  longer  act  on  the  heart,  increased  blood-pressure  stimu- 
"lates  the  heart  to  more  rapid  action."  (H.  Power). 

JVlOVementS  of  the  Iris  -  The  dilatation  of  the  iris  is  governed  by  the  two  cilio-spinal  centres 
situated,  the  one  in  the  spinal  cord  between  the  sixth  cervical  &  second  dorsal  vertebrae, 
the  other  in  the  medtdla  oblongata  close  to  the  origin  of  the  hypoglossal  nerve  (Budge). 
Erom  these  centres  fibres  ascend  through  the  cervical  cord  &^  the  cavernous  plexus  of  the  sym- 
pathetic  to  the  ciliary  or  lenticular  ganglion,  from  whence  they  pass  to  the  eyeball  to  supply 
the  radiating  fibres  of  the  iris  ;  some  fibres  are  said  to  pass  through  the  Gasserian  ganglion 
&  the  ophthalmic  branch  of  the  fifth  nerve :  -  Irritation  of  either  of  these  centres,  or  of  the 
sympathetic  in  the  neck,  induces  immediate  dilatation  of  the  pupil.  -  The  cilio-spinal 
centres  are  stimulated  by  the  venous  conditioM  of  the  blood,  so  that  the  pupils  dilate  in 
asphyxia.  -  The  circular  fibres  of  the  iris  are  supplied  by  the  third  nerve. 
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INFLUENCE  of  the  NERVOUS  SYSTEM  over  the  ACTION 

of  the  HEART— 1st  Tablet. 


The  contractions  of  the  heart  are  not  governed  directly  by  the  cerebrospinal  nerve-centres^  for  injury 
to  the  latter  anionnting  even  to  total  clestruction,  does  not,  if  gradually  inflicted,  stop  the 
heart's  action,  and,  if  suddenly  inflicted,  generally  occasions  hut  a  temporary  interruption 
due  to  shocks  especially  if,  in  the  case  of  warm-blooded  animals,  artificial  respiration  be  re- 
sorted to.  The  action  of  the  heart  continues  even  after  that  organ  has  been  completely  dis- 
connected from  all  other  structures  and  removed  from  the  body,  and  continues  under  such, 
circumstances  for  several  minutes  in  the  case  of  warm-blooded,  and  for  several  hours  in  the 
case  of  cold-blooded  animals. 

The  immediate  cause  of  the  heai'i's  action  lies,  therefore,  within  the  hea7-t  itself  i.e.,  in  the  nicmerous 
ganglia  (S^  nerves  of  the  sympathetic  systejn,  which  are  distributed  throughout  the  substance  of 
the  heart,  and  more  particularly,  in  the  frog,  in  the  ganglia  of  Rejjiak,  situated  near  the 
opening  of  the  inferior  vena  cava,  and  in  the  ganglia  of  Bidder,  situated  in  the  left  auriculo- 
ventricular  septum  near  the  sinus  venosus. 

To  these  ganglia  are  added  the  ganglia  of  Ludwig,  which  are  situated  in  the  inter- auricular  septum,  & 
whose  action  upon  the  former  appears  to  be  hihibitory :  -  If  these  latter  ganglia  be  irritated, 
the  heart  stops  in  diastole.  If  the  heart  be  so  divided  that  one  part  contain  the  ganglia 
of  Kemak,  while  the  other  part  contains  the  ganglia  of  Bidder  &  Ludwig,  the  former  part 
will  continue  to  act  while  the  latter  will  remain  motionless;  but  if  now  the  larger  segment 
be  again  divided  so  as  to  separate  the  auricles  containing  the  ganglia  of  Ludwig,  from  the 
ventricle  containing  the  ganglia  of  Bidder,  the  latter  will  commence  to  beat,  while  the 
former  will  continue  quiescent. 

A  treble  i7iflitence  is  brought  to  bear  zipon  the  cardiac  ganglia :  - 

1.  -  To  the  intra-cardiac  inhibitory  centre  (Ganglia  of  Ludwig)  is  superadded  the  vagal 
or  extra-cardiac  inhibitory  centre  contained  in  the  medulla,  whose  influence  is  conveyed  to 
the  heart  through  the  pneinnogastric  nerve  and  its  cardio-inhibitory  branch. 

2.  -  The  cord  of  the  sympathetic  and  the  cardiac  nerves  which  arise  from  its  inferior 
cervical  &  first  dorsal  ganglia,  convey  from  the  cardio-motor  centre  contained  in  the  medulla 
an  influence  which  stimulates  the  heart,  or  perhaps  merely  modifies  the  distribution  of  its 
efforts  in  time  in  the  direction  of  greater  frequency  of  action  counterbalanced  by  decreased 
energy. 

3.  -  The  vaso-motor  system,  while  subjected  by  means  of  the  depressor  nerve  or  vaso- 
inhibitory  branch  of  the  vagus  to  influences  originating  in  the  heart,  influences  indirectly, 
on  the  other  hand,  both  the  vagal  &  the  intra-cardiac  inhibitory  centres. 

Certain  poisons,  also,  have  a  well-marked  influence  both  over  the  cardio-motor  &  the  cardio- 
inhibitory  centres. 
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INFLUENCE  of  the  NERVOUS  SYSTEM  over  the  ACTION 

of  the  HEART.— 2nd  Tablet. 

4GENCIES  WHICH  GOVERN  the  CARDIAC  GANGLIA. 

Vagal  or  Extra-cardiac  Inhibitory  Centre,  and  Cardio-inhibitory  Nerve  -  The 

influence  of  the  vagal  or  extra-cardiac  inhibitory  centre  is  conveyed  to  tlie  heart  through  the 
pneumogastric  nerve.,  and  its  superior  cardiac  branch,  or  cardio-inhibitory  nerve:  -  If  either  of 
these  nerves  be  divided,  the  heart  beats  with  greater  frequency  strength.  If  either  nerve  be 
irritated — or  if,  after  division,  the  peripheral  segment  of  either  nerve  he  irritated — the  action 
of  the  heart  will  be,  within  about  ^  of  a  second,  and  according  to  the  strength  of  the  stimulus, 
either  slackened  weakened  (though  ampliated),  or  for  a  time  entirely  art'ested  in  diastole. 
The  reason  why  the  inhibitory  effect  is  not  immediate  is  that  the  nerve  does  not  act  directly 
upon  the  muscular  fibres  of  the  heart,  but  merely  stimulates  the  intra-cardiac  inhibitory 
centre,  which  centre  reacts  in  its  turn  upon  the  muscular  fibres,  -  The  vagal  centre  is  in  con- 
stant atttomatic  action,  always  restraining  or  moderating  the  action  of  the  heart ;  but  it  may 
be  stimulated  to  increased  inhibitory  action  by  increased  arterial  pressure,  by  the  venous  con- 
dition of  the  blood,  by  irritation  of  almost  any  sensory  nerve,  especially  the  fifth,  or 
of  the  abdominal  viscera  or  abdominal  plexuses  of  the  sympathetic,  by  a  shai-p  blow  on  the 
abdomen,  etc. 

Cardio-Motor  Centre,  and  Cardio-Accelerator  Nerves  -  The  cardio-motor  centre  is 

stimulated  by  the  arterial  character  of  the  blood,  by  mental  emotions,  and  also  by  the  slight 
irritation  of  almost  any  sensory  nerve.  Accelerator  nerves — or  perhaps  nerves  whose  in- 
fluence modifies  merely  the  distribution  of  the  eflEorts  of  the  heart  in  time,  in  the  direction 
of  greater  frequency  coupled  with  diminished  energy — descend  frojji  this  cejitre  partly  along 
the  cervical  cord  of  the  sympathetic,  but  mainly  through  the  spinal  cord,  the  rami  communicantes  to 
the  last  cervical  first  dorsal  ganglia,  and  the  cardiac  bt'anches  given  off  by  the  latter :  -  Irritation 
of  the  cervical  portion  of  the  sympathetic,  or  of  the  medulla  or  upper  part  of  the  cervical 
cord,  accelerates  the  action  of  the  heart. 

The  acceleration  induced  by  irritation  of  the  medulla  or  upper  part  of  the  spinal  cord 
is,  however,  a^  complex  phenomenon  due  in  part  to  irritation  of  the  vaso-motor  centre,  irritation 
of  which  centre  induces  contraction  of  all  the  arteries  and  increased  arterial  pressure :  - 
Irritation  of  the  medulla  or  upper  part  of  the  spinal  cord  will  accelerate  the  beats  of  the 
heart  even  though  all  the  cardiac  nerves  be  divided,  provided  the  splanchnic  nerves  be  left 
UNINJURED ;  if,  however,  the  splanchnic  nerves  be  divided,  or  if  the  spinal  cord  be  divided  at 
the  upper  part  of  the  dorsal  region,  so  as  to  do  away,  by  paralysing  the  greater  part  of  the 
vaso-motor  system,  with  the  influence  upon  the  heart  of  modified  arterial  pressure,  then 
irritation  of  the  medulla  or  of  the  upper  part  of  the  spinal  cord  will  no  longer  accelerate  the 
beats  of  the  heart  unless  the  cardio-motor  nerves  remain  uninjured  throughout  the  whole  of 
their  course. 

Depressor  Nerve,  or  Vaso-inhibitory  Branch  of  the  Vagus  -  The  depressor  nerve, 

or  vaso-inhibitory  branch  of  the  vagus  (Ludwig  &  Thiry)  is  an  afferent  or  sensory  nerve 
extending  from  the  heart  to  the  trunk  of  the  pneumogastric  a  little  below  the  origin  of  the 
superior  laryngeal  nerve,  and  which  is  m  refiex  relation  th'oitgh  the  medulla  both  -with  the 
vagal  or  extra-cardiac  inhibitory  centre,  and  with  the  vaso-inhibitory  centre.  If  it  be  irritated,  or 
if,  after  division,  its  central  segjtient  be  irritated,  the  action  of  the  heart  is  first  slackened,  and 
then  sometimes  slightly  accelerated:  -  first  slackened  through  irritation  of  the  vagal  centre,  from 
which  centre  an  inhibitory  influence  is  conveyed  to  the  heart  through  the  pneumogastric  & 
cardio-inhibitory  nerves ;  then  slightly  accelet'ated  through  irritation  of  the  vaso-inhibitory  centre, 
irritation  of  which  latter  centre  induces  dilatation  of  all  the  arteries  of  the  body,  diminution 
of  the  blood  pressure,  diminished  supply  of  blood  to  the  medulla,  and  consequently  dimin- 
ished activity  of  the  previously  excited  vagal,  or  extra-cardiac  inhibitory  centre,  and  also, 
probably,  diminished  activity  of  the  intra-cardiac  inhibitory  centre. 

Poisons  which  act  on  the  Cardio-motor  &  Cardio-inhibitory  Centres  -  Nicotin 

6^  Woorara  first  stimulate,  and  then  paralyse,  the  vagal  or  extra-cardiac  inhibitory  centre 
&  the  cardio-inhibitory  nerve ;  they  therefore  first  slacken,  and  then  accelerate  the  beats  of 
the  heart,  and  prevent  the  beats  of  the  heart  from  being  arrested  by  irritation  of  the  vagus. 
Atropin  adds  to  the  latter  action  that  of  paralysing  the  intra-cardiac  inhibitory  centre,  and  thus, 
not  only  accelerates  the  heart's  action,  but  prevents  its  being  arrested  either  by  irritation  of 
.  the  vagus  or  by  direct  irritation  of  the  intra-cardiac  inhibitory  centre.  Muscarin  appears  to 
stimulate  the  intra-cardiac  inhibitory  centre,  for  it  arrscts  the  heart  in  diastole,  even  though 
the  nervous  system  be  previously  brought  under-  one  influence  either  of  nicotin  or  of  woorara. 
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FUNCTIONS  of  the  CEREBELLUM. 


The  cerebellum  is  either  the  organ  for  the  co-ordination  of  voluntary  movements  (Flourens)  or 
the  seat  of  the  muscular  sense  (Foville).  Either  theory  explains  the  experiraental  facts,  but 
the  latter  harmonises  most  with  the  extreme  sensibility  of  the  cerebellar  peduncles :  the 
knowledge  of  the  position  of  the  limbs  and  of  the  degree  of  contraction  or  relaxation  of  the 
muscles  is  as  necessary  for  harmonious  action  as  a  regulating  or  controlling  power :  -  When 
the  cerebellum  is  removed  in  successive  layers,  the  two  hemispheres  being  sliced  off 
simultaneously,  want  of  co-ordination  in  the  action  of  the  muscles,  and  hence  weakness  and 
uncertainty  and  want  of  harmony  in  all  voluntary  movements  is  the  result ;  and  this  result 
becomes  more  and  more  marked  till  the  power  of  walking,  springing,  flying,  or  even  of  pre- 
serving the  equilibrium,  is  entirely  lost.  Partial  recovery  may,  however,  take  place  when  a 
portion  of  the  cerebellum,  sometimes  not  more  than  one-third,  is  left ;  and  patients  otherwise 
confined  to  their  bed  or  to  a  sick  room,  may  show  little  or  no  disturbance  of  the  co-ordinative 
power,  though  their  cerebellum  be  extensively  diseased. 

No  other  restilts  follow  the  experiment ;  the  intelligence,  the  senses,  and  the  motor  power  (the 
fact  of  inco-ordination  excepted)  remain  unimpaired. 

The  influence  of  each  hemisphere  is  directed  toivards  the  opposite  side  of  the  body :  -  When  one 
hemisphere  is  removed,  when  one  crus  is  divided,  or  when  the  pons  is  divided  on  one  side  of 
the  middle  line,  the  power  of  co-ordinate  movement  preserved  on  the  side  of  the  injury,  is 
lost  on  the  opposite  side ;  the  animal  then  falls  on  the  disordered  side,  and  usually  turns 
himself  over  and  over  again  often  as  many  as  sixty  times  in  a  minute,  the  rotation  being 
fro?n  the  side  on  which  the  injury  was  inflicted.  Similar  movements  have  been  observed  in 
man.  -  When  the  crus  is  divided  from  behind  the  rotation  is  towards  the  injured  side  (Schiff). 

These  rotatory  movements  do  not  appear  to  be  due  to  the  mere  tinbalanced  action  of  the  muscles 
of  one  side  of  the  body,  as  was  first  believed,  and  they  have  been  attributed  of  late  to  the 
irritation  of  a  peculiar  set  of  spinal  fibres  not  usually  employed  by  the  will  (Brown-Sequard). 
They  are  characterised  by  a  peculiar  twisting  of  the  vertebral  column  in  a  corkscrew-like 
manner,  the  front  of  the  spine  rotating  first,  and  then  dragging,  as  it  were,  the  posterior  part 
after  it  (Longet) . 

The  cerebellum  also  influences  the  movements  of  the  eyeballs.  By  irritating  different  parts  of 
its  surface  Dr.  Ferrier  produced  every  kind  of  movement  of  the  eyes,  even  rotation  on  their 
antero-posterior  axis ;  these  movements  were  always  symmetrical,  even  when  only  one 
hemisphere  was  irritated. 

The  cerebellum  itself  is  insensible,  at  least  in  its  superficial  parts,  but  irritation  of  its  crura 
gives  rise  to  violent  pain.  -  Irritation  of  its  deeper  parts  gives  rise  to  pain  and  to  convul- 
sions (Dalton). 

Only  conjectures  can  be  added :  -  It  is  the  organ  of  physical  love  (Gall).  -  It  is  the  great  trophio 
centre  (Laycock).  -  It  is  neither  a  sensory  centre  nor  a  seat  of  consciousness,  nor  is  it  a 
part  through  which  the  conductors  of  motion  or  of  sensation  pass;  no  idea,  emotion,  or  vo- 
luntary act  is  suppressed  by  its  being  injured  (Brown-Sequard). 
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FUNCTIONS  of  the  MESOCEPHALON. 


Sensory  impressions  appear  to  be  conducted  mainly  through  its  central  portions,  motor  impulses 
mainly  through  its  anterior  portions.  -  The  vaso-motor  impulses  decussating  in  the 
anterior  pyramids,  division  of  one  lateral  half  of  the  mesocephalon  induces  hyperaesthesia 
in  the  opposite  side  of  the  body.  -  The  restiform  bodies  are  not  conductors  of  sensory  im- 
pressions (Brown-Sequard). 

The  surface  of  the  mesocephalon  does  not  appear  to  be  directly  excitable,  but,  if  the  electrodes 
be  passed  into  the  substance  of  the  part,  the  electric  stimulus  gives  rise  both  to  convul- 
sions &  to  manifestations  of  pain  (Longet). 

Both  Longet  &  Vulpian  consider  the  mesocephalon  to  be  an  independent  seat  of  sensation  & 
motor  power,  "  They  insist  upon  the  fact  that  after  removal  of  the  whole  brain,  with 
"  the  exception  of  the  tuber  annulare  and  medulla  oblongata,  irritation  of  the  external 
"  parts  or  of  a  sensitive  nerve  will  produce,  in  dogs  and  rabbits,  cries  which  are  evidently 
"  the  expression  of  a  conscious  sensation ;  and  according  to  Yulpian,  after  extirpation  of 
*'  the  hemispheres  and  the  cerebral  ganglia  in  the  rat,  movements  of  the  head  and  limbs 
*'were  not  only  produced  by  pinching  the  integument,  but  blowing  suddenly  upon  one  of 
**the  ears  caused  shaking  of  the  head,  accompanied  by  winking  of  the  eyes;  showing  that 
"  the  animal  was  still  sensitive  to  ordinary  tactile  impressions,  as  well  as  to  those  of  a 
"painful  character.  The  same  experimenter  found  that  in  a  rat,  after  the  above 
"operation,  a  hissing  sound  made  by  the  lips  excited  repeatedly  distinct  signs  of  agitation. 
"  From  these  facts  it  can  hardly  be  doubted  that  sensations  are  actually  perceived  by  the 
"animal  so  long  as  the  tuber  annulare  remains  uninjured"  (Dalton). 

N.  -  The  above  facts  do  not  appear  to  warrant  the  conclusion  which  is  drawn  from 
them.  The  reflex  power  either  of  the  medulla  oblongata  or  of  the  mesocephalon  itself 
is  quite  suflB.cient  to  explain  all  the  phenomena  observed. 


FUNCTIONS  OF  THE  CRANIAL  NERVES. 


P. 


J 
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MOTOR  NERVES  of  the  EYEBALL 


Are  the  thirds  fouriht  &  sixth. 

Third  Nerve,  or  Motor  Oculi  -  Motor  with  traces  of  sensibility  probably  derived  from  the 
5th.  Supplies  by  its  superior  branch  the  levator  palpehrce  sicperioris  &  the  stiper'wr  rectus^ 
and  by  its  inferior  branch  the  internal  &  inferior  recti  &  the  inferior  oblique  (all  the  muscles 
of  the  orbit  except  the  superior  oblique  &  the  external  rectus)  ;  the  latter  branch  giving  off 
the  short  or  motor  root  of  the  lenticular  ganglion,  which  root  supplies  the  circular  fibres  of 
the  iris  &  the  ciliary  muscle. 
When  it  is  irritated  the  corresponding  muscles  become  convulsed,  and  the  pupil  contracts. 
When  it  is  divided  or  paralysed,  - 

1.  -  The  eye  looks  outwards  through  the  unbalanced  action  of  the  external  rectas, 
and  is  rotated  inwards  by  the  superior  oblique. 

2.  -  The  upper  eyelid  can  no  longer  he  raised  ( ptosis)  through  the  unbalanced  action  of 
the  orbicp.laris  palpebrarum. 

3.  -  The  pupil  is  dilated,  and  vision  is  accommodated  for  distant  objects. 

Fourth  Nerve,  TrOChlearis,  or  PatheticUS  -  Motor  with  traces  of  sensibility.  Supplies 
the  superior  oUique.  -  When  the  head  is  inclined  to  one  side  the  superior  oblique  of  that  side 
contracts  with  the  inferior  oblique  of  the  other.  These  muscles  thus  compensate  for  the  devia- 
tion of  the  head  by  rotating  the  eyeballs  round  their  antero-posterior  axis  in  such  a  way 
that  the  corresponding  diameters  of  the  two  retinae  remain  both  parallel  to  each  other, 
and,  in  all  normal  positions  of  the  body,  in  the  same  relation  to  external  objects.  When 
one  of  these  muscles  is  paralysed,  double  vision  results,  the  image  perceived  by  the  affected 
eye  being  oblique  with  regard  to  the  other.  These  disturbances  disappear  when  the  head 
is  inclined  towards  the  opposite  side. 

Sixth  Nerve,  or  Abducens  -  Supplies  the  external  rectus.  Its  division  or  paralysis  gives 
rise  to  internal  squint. 

The  nerve-supply  of  the  musolea  of  the  oi-bit  is  derived  from  three  different  sources^ 
apparently  in  order  that  the  insy?nmetrical  muscles  which  act  togetJier,  —  as  the  right  external  & 
left  internal  recti  when  both  eyes  look  to  the  right,  and  the  left  superior  &  right  inferior 
oblique  when  the  head  is  inclined  to  the  left,  -  be  supplied  by  totally  different  nerves,  and 
that,  in  such  cases,  the  tendency  be  counteracted,  which  symmetrical  muscles  have  to 
contract  together. 

The  sympathetic  nerve  supplies  the  radiating  fibres  of  the  iris.  When  it  is  irritated  the 
pupil  dilates,   when  it  is  divided  the  pupil  contracts. 
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FIFTH  NERVE. 


LESSER  or  NON-GANGLIONIC  PORTION   —  Conveys  motor  power  to  the  muscles 

of  mastication  :-  temporal^  masseter,  both  pterygoids^  mylo'hyoid^  &  anterior  belly  of  digastric. 

GREATER  or  GANGLIONIC  PORTION  - 

I.  -  Conveys  common  sensibility  to  the  anterior  &  lateral  parts  of  the  head, 

and  common  &  gustatory  sensibility  to  the  anterior  two-thirds  of  the 

tongue.  -Its  intra-cranial  section  abolishes  the  very  acute  sensibility  of  these  parts 
(Magendie) .  It  is  impossible,  however,  to  destroy  completely  the  sensibility  of  any  portion 
of  the  face  by  section  of  only  one  of  the  three  divisions  of  the  5th  nerve,  for  these  divisions 
anastomose  extensively  with  each  other ;  -  the  iacial  nerve,  also,  mainly  through  its  anasto- 
moses  with  them,  conveys  everyAvhere  some  amount  of  sensibility.  -  The  parotid  region  & 
the  pinna  are  also  supplied  by  the  great  auricular  branch  of  the  cervical  plexus. 

II.  -  Conveys  muscular  sensibility  to  the  muscles  of  the  face  &  lower  jaw. 

III.  -  Is  the  afferent  nerve  concerned  in  various  reflex  actions.  -  After  its  division, 

winking  ceases;  irritation  of  the  conjunctiva  produces  no  flow  of  tears ;  irritation  of  the 
mucous  membrane  of  the  nose,  no  sneezing.  —  Through  suppression  of  the  ordinary 
"guiding  sensations"  the  movements  of  the  face  become  slow  &  awkward. 

IV.  -  Its  section  has  an  injurious  influence  over  the  nutrition  &  functions 

of  the  Organs  of  the  Special  Sense,  -  This  influence  being  especially  marked 
when  the  nerve  is  divided  iji  front  of  the  Gasserian  ganglion,  and  being  mainly  due,  therefore, 
to  the  suppressed  action  of  the  fibres  arising  from  the  ganglion-cells.  (Division  of  the 
sympathetic  retards  rather  than  otherwise  the  nutritive  &  functional  disturbances ;  and 
certainly  does  not  induce  them,  as  was  once  believed.  -  Bernard).  —  After  division  of  the 
hth  nerve :  - 

Taste,  and  the  common  sensibility  of  the  tongue  -  Are  abolished  in  the  anterior  two- 
thirds  of  the  organ  (Vide  Lingual  &  Glosso-Pharyngeal  nerves). 

Smell  -  Is  impaired  through  congestion,  oedema,  &  hypersecretion  of  the 
Schneiderian  membrane,  and  the  blocking  up  of  tke  nares  by  accumulated  mucus ;  some- 
times  through  diminished  secretion  &  dryness  of  the  parts. 

Hearing  -  Is  impaired,  probably  through  similar  causes. 

Sight.  —  Immediately  after  the  operation,  the  conjunctiva  loses  its  sensibility,  and 
the  pupil  becomes  contracted  &  immovable  (It  dilates  in  cats  &  dogs).  The  conjunctiva 
then  inflames  &  suppiTrates ;  the  cornea  becomes  opaque,  and  the  iris  swollen  & 
covered  with  inflammatory  exudation;  finally  the  cornea  sloughs,  and  the  eye  is  emptied. 
Occasionally  the  process  subsides,  and  sight  is  restored.  -  The  eye  remains  healthy ,  however. 
Bays  Snellen,  if  it  is  covered  over  with  the  ear,  which  partly  retains  its  sensibility.  The 
drying  up  of  the  surface  of  the  eyeballs  (the  lachrymal  secretion  being  no  longer  spread 
over  it  by  the  reflex  action  of  winking),  and  its  unavoidable  injury  by  foreign  bodies  whose 
contact  is  no  longer  felt,  appear  therefore  to  have  something  to  do  in  initiating  the 
•roceBS. 
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NERVE. 


The  facial  nerve  is  exclusively  motor  at  its  origin.  Further  on,  however,  it  becomes  both  sensory  &■ 
motor.  This  is  due  to  its  anastomoses  witti  tho  5th  &  glosso-pharyngeal  nerves,  through  the 
petrosal ;  with  the  5th  nerve  through  the  auriculo-temporal,  the  chorda  tympani  &  the  terminal 
branches  of  both  nerves  upon  the  face ;  with  the  pneuraogastric  nerve  through  the  auricular 
branch  of  the  latter ;  with  tin*  great  auricular  branch  of  iho  cervical  plexus;  and  perhaps  also 
to  its  anastomosis  with  the  auditory  nerve  through  the  pordo  intermedia  of  Wrisberg. 


The  Facial  Nerve  supplies  : 

1.  —  All  the  muscles  of  expression  of  the  face,  including  tlie  platysma  (not  the  muscles  of 
mastication) . 

2.  — Through  the  great  petrosal  nerve  &  Meckel's  ganglion,  the  levator  palati  <Sr»  tin 
azygos  uvulce. 

3.  — Through  the  small  petrosal  nerve  &  tho  Otic  ganglion,  the  tensor  palati  &  tensor 
ty??ipani,  and  the  parotid  gland  (secretory  fibres  running  in  the  course  of  the  auriculo-temporal). 

4.  —-Through  its  tympanic  branch,  the  stapedius  &  laxator  tympani. 

5.  —  Through  the  chorda  tympani,  the  submaxillary  gland  (secretory  fibres  traversing 
the  submaxillary  ganglion),  and  the  superior  lingiialis. 

6.  —  Through  its  posterior  auricular  &  muscular  branches,  the  muscles  of  the  external 
ear,  and  the  stylo-hyoid  &  posterior  belly  of  the  digastric.  , 

Its  Functional  Activity  is  necessary  for  the  perfect  exercise  of  sight,  hearing,  smell,  &i  taste,  and  for 
the  maintenance  of  the  normal  expression  of  the  face.  —  When  it  is  paralysed, - 

1.  — The  eyelids  remain  open  -  through  the  unbalanced  action  of  the  levator  palpebrae 
superioris.  The  tears  run  doiun  the  face  through  paralysis  of  the  tensor  tarsi  muscle  & 
displacement  of  the  puncta  lachrymalia;  conjunctivitis  and  corneitis  set  in,  and  the  sight 
becomes  impaired,  though  much  less  extensively  than  after  division  of  the  fifth  nerve. 

2.  —  Hearing  is  impaired  -through  paralysis  of  the  muaolss  of  the  tympanum.  Some- 
times abnormal  sensibility  to  iounds  is  observed. 

3.  — Smell  is  impaired  -through  paralysis  of  the  dilators  &  compressors  oP  the  nostrils, 
and  consequent  inability  to  direct  a  brisk  current  of  air  towards  the  upper  or  olfac.ory  part 
of  the  nasal  fossae. 

4.  —  Taste  is  impai)'ed -^Yobahlj  through  paralysis  of  the  lingualis  muscle.  -  Some 
physiologists  attribute  the  gustatory  properties  of  the  chorda  tympani  to  sensory  fibres 
running  in  the  course  of  the  motor  ones;  others  atti'ibute  it  to  an  influence  over  the  circulation 
&  secretion  of  the  tongue  similar  to  that  which  the  nerve  exerts  in  the  submaxillary  gland. 

5.  —  The  paralysed  side  of  the  face  is  motionless  and  inexpressive.  The  nostril  is  flattened 
&  collapsed.  The  eye  has  a  staring,  vacant  appearance,  mainly  due  to  the  hanging  down  of 
the  lower  lid  below  the  level  of  the  cornea.  The  angle  op  the  mouth  is  depressed,  and  the  lips 
cannot  be  brought  together ;  hence  the  labial  consonants  are  but  imperfectly  pronounced, 
the  saliva  tends  to  escape,  a  difiiculty  is  experienced  in  drinking,  and,  in  eating,  the  food 
lodges  between  the  gams  and  the  cheek.  The  mouth,  as  a  whole,  is  drawn  towards  tlie  opposite 
side  when  the  muscles  contract.  -  The  soft  palate  is  paralysed  when  the  injury  is  deeply 
seated.  ^i, 

When  the  injui-y  is  situated  above  the  nucleus  of  origin  of  the  facial  nerve,  both  the 
facial  paralysis,  and  the  hemiplegia  which  usually  accompanies  it,  affect  the  side  opposite  the 
injury.  (The  fibres  of  the  facial  nerve  decussate  at  their  origin  on  the  floor  of  the  4th  ventricle, 
the  motor  tract  to  the  body  generally  decussates  in  the  anterior  pyramids).  When  the 
injury  is  situated  in  the  mesocephalon,  i.  e.  just  below  the  nucleus,  and  when  it  therefore 
affects  the  facial  nerve  beyond  its  decussation,  the  facial  paralysis  is  on  the  side  of  the  injury, 
and  the  hemiplegia  on  the  opposite  side.  The  decussation  of  the  facial  nerve  is,  however, 
incomplete,  for  in  facial  paralysis  on  the  side  opposite  the  injury  the  eyeli'Js  remain  un- 
affected (Yulpi  an).  \ 
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PNEUMOGASTKIO  NERVE  .-1st  Tablet. 


The  pneumogastric  is  both  sensory     motor  from  its  origin. 

SENSOR  K  -  Irritation  of  its  roots  gives  rise  to  evident  manifestations  of  pain. 
Its  sensibility  is  hit  slight,  however,  and,  under  normal  conditions,  we  are 
usually  unconscious  of  the  impressions  it  conveys ;  these  impressions  give  rise, 
nevertheless,  to  important  reflex  actions. 

MOTOR.  -  It  contains  motor  fibres  of  its  own,  in  addition  to  those  which  it 
derives  fi'ovi  the  spinal  accessory,  and  probably  also  from  the  facial,  hypo- 
glossal &  two  first  cervical.  These  motor  fibres  proper  to  the  pneumogastric 
supply  the  larynx,  pharynx,  &  oesophagus  (as  do  also  the  motor  fibres  which 
the  pneumogastric  derives  from  the  spinal  accessory) ;  and  they  may  be  called 
into  play  either  directly,  -  through  ii-ritation  of  the  roots  of  the  nerve 
(Chauveau,  Bernard,  Vulpian),  or  reflexly  through  irritation  Qf  the  afferent 
fibres  of  the  the  spinal  accessory  (Van  Kempen  &  Thiernesse).  ->  Longet 
believed  the  i3neumogastric  nerve  to  be  entirely  sensory. 

It  bears  great  analogy  to  the  sympathetic,  partly  through  its  frequent  anastomoses  with  that 
nerve,  partly  through  the  fibres  it  derives  from  its  own  ganglia. 

Its  branches  must  be  examined  separately,  as  the  endowments  of  the  parent  trunk  are  very 
differently  distributed  among  them. 
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PNEUMOGASTEIC  NERVE.-.2n(i  Tablet. 


These  branches  are  :  - 

Auricular  -  Common  sensory  nerve  to  integument  of  back  of  pinna;  joins  both  "with  trunk  &  witfc 
auricular  branch  of  facial. 

Pharyngeal  -  Principal  motor  nerve  of  pharynx  soft  palate.  Conveys  the  reflex  motor 
impulses  for  the  second  &  third  acts  of  deglutition.  -  The  motor  fibres  of  this  nerve  are  derived 
to  a  great  extent  from  the  spinal  accessory. 

Superior  Laryngeal  -  Mainly  sensory :  but  contains  a  few  motor  fibres  for  the  arytaenoid  & 
crico-thyroid,  which  fibres  are  partly  derived  from  the  spinal  accessory.  -  To  this  nerve  is 
due  the  particularly  acnte  settsibility  of  the  interior  of  the  larynx,  through  which  sensibility- 
foreign  bodies  are  prevented  from  entering  the  air-passages,  or,  if  they  enter,  are 
rapidly  expelled  therefrom  by  a  violent  fit  of  coughing,  -  Its  stimulation  inhibits  inspiration 
(Waller  &  Provost),  and  so  does  also  the  contact  of  the  food  with  the  base  of  the  tongue  at 
the  end  of  the  first  act  of  deglutition.  When  it  is  divided  a  part  of  the  food  penetrates  into 
the  air-passages. 

Inferior  or  Recurrent  Laryngeal  -  is  chiefly^  a  motor  nerve,  its  motor  fibres  being  partly 
derived  from  the  spinal  accessory.  It  supplies  all  the  muscles  of  the  larynx  except  the 
crico-thyroid,  and  controls  the  glottis  both  as  regards  its  dilatation  or  closure,  and  the  relaxa- 
tion or  tension  of  the  vocal  cords.  When  it  is  divided,  or  when  the  trunk  of  the  pneumo- 
gastric  is  divided  in  the  neck,  the  glottis  becomes  passively  narrowed  in  inspiration  and 
passively  dilated  in  expiration,  insfcead  of  being,  as  it  normally  is,  actively  dilated  in  inspira- 
tion &  passively  narrowed  in  expiration.  Adult  animals  m.erely  lose  their  voice  after 
operation,  or  are,  usually  at  least,  but  slightly  inconvenienced;  young  animals,  whose  laryn- 
geal cartilages  are  more  flexible,  are  immediately  suffocated  tlirough  complete  closure  of  the 
glottis. 

Cardiac  -  The  Cardio-inhlbitory  nerve  connects  the  extra-  &  intra-cardiac  inhibitory  centres,  and 
conveys  a  stimulating  influence, — inhibitory  as  regards  the  heart, — from  the  former  to  the 
latter.  Through  this  nerve,  therefore,  the  vagal  inhibitory  centre  contained  in  the  medulla, 
strengthens  the  controlling  influence  of  the  inhibitory  ganglia  of  Ludwig  over  the  cardio- 
motor  ganglia  of  Eemak  &  Bidder :  -  If  this  nerve  be  divided,  or  if  the  trunk  of  the  pneumo- 
gastric  be  divided  in  the  neck,  the  heart  beats  with  greater  frequency  &  strength ;  if  either 
nerve  be  irritated,  or  if,  after  division,  the  peripheral  segment  of  either  nerve  be  irritated, 
the  action  of  the  heart  will  be,  within  about  one-sixth  of  a  second,  and  according  to  the 
strength  of  the  stimulus,  either  slackened  &  weakened  (though  ampliated),  or  for  a  time 
entirely  arrested  in  diastole. 

The  Depressor  or  Vaso-inhibitory  nerve  conveys  sensory  impressions  from  the 
heart  both  to  the  vagal  or  extra-cardiac  inhibit9ry  centre,  and  also  to  the  vaso-inhibitory 
centre.  If  it  be  irritated,  the  action  of  the  heart  is  first  slackened,  and  then  sometimes 
slightly  accelerated :  -  first  slackened  through  irritation  of  the  vagal  centre,  from  whence  au 
inhibitory  influence  is  conveyed  to  the  heart  through  the  pneumogastric  and  cardio-inhibitory 
nerves;  -  then  slightly  accelerated  through  irritation  of  the  vaso-inhibitory  centre,  irritation  of 
which  centre  induces  dilatation  of  all  the  arteries  of  the  body,  diminution  of  the  blood-pressure, 
diminished  supply  of  blood  to  the  medulla,  and  consequently  diminished  activity  of  the 
previously  excited  vagal  centre,  and  also,  doubtless,  of  the  intra-cardiac  inhibitory  centre. 
(Vide  Influence  of  the  Nervous  System  over  the  Action  of  the  Heart,  2nd  Tablet.) 

Pulmonary  -  The  pulmonary  plexuses  are,  with  the  trunk  of  the  pneumogastric,  the  principal 
conductors  of  the  impression  of  the  necessity  of  breathing.  When  both  pneamogastrio 
nerves  are  divided  respiration  becomes  much  less  frequent,  without,  however,  any  sense  of 
suffocation  being  induced;  inspiration  is  deep  &  prolonged,  expiration  is  sudden  k,  con- 
vulsed (Dalton).  After  death  the  lungs  are  found  gorged  with  blood,  dark,  heavy,  &  non- 
crepitant;  and  the  bronchi  are  filled  with  frothy  fluid  mixed  with  blood,  mucu3,  and 
particles  of  food.  The  operation  does  not  appear,  however,  to  modify  greatly  the  total  quantity 
of  air  breathed.  -  Forcible  inspirations  may  be  induced  by  irritation  of  the  central  extremity 
of  the  divided  nerve ;  the  diaphragm  may  even  be  tetanised  if  the  stimulation  is  sufficiently 
powerful. 

QBsopliageal  -  Division  of  the  pneumogastric  nerves  destroys  both  the  sensibility  &  the  motor 
power  of  the  oesophagus ;  the  food  then  accumulates  in  the  lower  part  of  the  canal,  and 
finds  its  way  into  the  stomach  but  slowly  and  only  through  the  effects  of  pressm-e  from  above. 

Gastric  -  The  same  operation  arrests  the  peristaltic  movements  of  the  stomach ;  and  greatly 
retards  the  secretion  of  gastri<;  juice,  though  it  does  not  entirely  arrest  it :  -  Small  quanti- 
ties of  food  may  still  be  digested  (Longet)  ;  larger  masses  are  only  superficially  affected 
(Bernard).  The  digestive  funetiou  is  partly  or  wholly  restored,  if  the  animal  survives  the 
operation  (Schiff), 
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LINGUAL  &  GLOSSO  PHARYNGEAL  NERVES. 


Both  nerves  convey  loth  common  dr*  gustaiory  sensibilily  to  the  tongue,  -  the  former  nerve  to  the 
anterior  two-thirds  of  the  organ  (part  in  front  of  the  circumvallate  papillae),  the  latter  to  the 
posterior  third  (circumvallate  papillee  &  part  behind  them),  and  also  to  the  sides. 

The  gustatory  function  of  these  nerves  is  probably  restricted  to  a  portion  of  their  fibres,  and  due 
mainly  to  the  influence  of  the  papill®  in  which  these  fibres  terminate :  -  In  paralysis  of  the 
5th  nerve  either  the  common  sensibility  alone  or  the  gustatory  sensibility  alone  may  be  lost 
in  the  anterior  portion  of  the  tongue,  the  other  kind  of  sensibility  being  retained,  -  It  may 
be  added  that  these  nerves  do  not  present  the  character  of  nerves  of  special  sense  :  contrary 
to  -what  happens  in  the  case  of  the  other  nerves  of  special  sense,  their  irritation  calls  forth 
indications  of  pain. 

The  gustatory  nerve  supplies  a  high  degree  of  conwion  sensibility  to  the  more  movable  portion  of  the 
tongue,  the  special  functions  of  which  portion  are  to  bring  the  food  again  &  again  within  the 
grip  of  the  teeth,  to  decide  when  it  is  sufficiently  masticated,  and  finally  to  form  it  into  a 
bolus  ;  -  common  sensibility  is  more  acute  at  the  tip  of  the  tongue  than  in  any  other  part  of 
the  body. 

The  glosso-pharyiigeal  nerve  supplies  but  a  small  degree  of  common  sensibility  to  the  posterior  ^  lesi 
movable  poi-tion  of  the  tongue  (and  also  to  the  mucous  membrane  of  the  fauces).  -  The  common 
sensibility  of  the  base  of  the  tongue  &  fauces  is  reflexly  connected  7vith  deglutition,  vomiting,  & 
respiration  :  -  Deglutition  ensues  in  response  to  the  momentary  application  of  the  usual  stimu- 
lus, i.e.,  the  alimentary  bolus ;  vomiting  tjnsues  in  response  to  the  prolonged  application  of 
any  unusual  stimulus;  inspiration  is  inhibited  during  deglutition  (probably  through  a  sensory 
impression  conveyed  through  the  superior  laryngeal  branch  of  the  vagus,  which  branch 
sends  a  few  filaments  to  the  mucous  membrane  of  the  base  of  the  tongue)  ;  an  inspiratory 
movement  precedes,  and  a  contraction  of  the  expiratory  muscles  induces,  the  act  of 
vomiting. 

The  gustatory  sensibility  which  the  glosso-pharyngeal  nerve  supplies  to  the  same  parts  is  called 
into  activity  at  the  close  of  the  first  act  of  deglutition,  when  the  bolus,  pressed  between  the  soft 
palate  &  the  base  of  the  tongue,  glides  backwards  to  the  pharynx,  and  escapes  from  under 
the  control  of  the  will;  -  this  part  of  the  tongue  is  the  seat  of  the  after- taste. 

The  gustatory  nerve  is  purely  sensory.  The  glosso-pharyngeal  nerve  is  purely  sensory  at  its  origin. 
Irritation  of  its  roots  does  not  give  rise  to  any  muscular  contractions  (Longet),  except  re- 
flexly (Reid).  Its  communications  with  the  facial  &  pneumogaatric  nerves  (the  commnnica- 
■  tion  with  the  latter  nerve  being  derived,  partly  or  wholly,  from  the  spinal  accessory)  soon 
transform  it,  however,  into  a  mixed  nerve,  whose  motor  fibres  supply  some  of  those  muscles, 
which  the  afferent  fibres  of  the  same  nerve  call  reflexly  into  play,  the  stylo-glossus  ^ 
"Pharyngeusj  digastric,  and  superior  ^  middle  constrictors  (Reid). 
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SPINAL  ACCESSORY  NERVE. 


Is  a  motor  nerve  closely  associated  vvitli  the  pneumogastric,  both  anatomically  &  functionally. 

It  gives  motor  fibres  to  that  nerve,  and  receives  sensory  fibres  from  it.  Its  trunk  is  therefore  botk 
sensory  &  motor,  so  long  as  it  is  connected  with  an  undivided  fneumogastric,  motor  only  if 
the  roots  of  the  pneumogastric  be  severed  (Bernard).  Hence  the  explanation  of  the  experi- 
ments of  Van  Kempen  &  Thiernesse :  -  If  the  roots  either  of  the  spinal  accessory  or  of  the 
pneumogastric  be  irritated,  reflex  movements  ensue  in  the  pharynx,  larynx  &  oesophagus, 
and,  in  addition,  if  the  roots  of  the  spinal  accessory  be  irritated,  in  the  sterno-mastoid  & 
trapezius.  If,  now,  the  roots  of  the  pneumogastric  be  divided,  and  irritation  be  again  applied 
to  the  spinal  accessory,  no  movements  will  bo  observed  this  time,  except  in  the  sterno-mastoid 
&  the  trapezius. 

The  experiments  &  Tiews  of  Bernard  on  the  special  functions  of  this  nerve  are  full  of  interest, 
though  they  cannot  perhaps  be  received  in  their  entirety.  They  may  be  summarised  as 
follows:-  %- 

*' The  spinal  accessory  nerve  presides  over  the  vocal  f7inction3  both  of  the  larynx  & 
*' thorax  :  by 'its  inner  or  accessory  portion,  over  those  of  the  larynxj  by  its  outer  or  spinal 
portion,  over  those  of  the  thorax." 

"  Its  inner  or  accessory  portion  supplies  those  muscles  of  the  larynx,  which  close  the 
"glottis  and  tense  the  Vocal  cords,  and  which  are  therefore  called  into  play  when  sound  iS 
*'  emitted:  -  After  division  of  this  portion  of  the  nerve  the  voice  is  lost,  but,  conti-ary  to  what 
"  happens  after  division  of  the  pneumogastric  or  recurrent  laryngeal,  respiration  is  unaffected." 

"  Its  external  or  spinal  portion  induces  in  the  sterno-mastoid  &  trapezius  an  action 
"  antagonistic  to  that  of  the  expiratory  muscles  :  -  For  vocal  purposes  expiration  must  be 
*'  sustained  dui-ing  the  whole  length  of  the  sound,  or  succession  of  connected  sounds,  which 
"it  is  desired  to  emit;  a  gi'eat  point  Avith  the  orator  &  and  the  singer  is  the  careful  manage- 
"  ment  of  his  "  wind,"  which  must  be  saved,  and  be  made  to  last  till  a  pause  is  reached. 
"This  is  done  through  the  sterno-mastoid  &  traj)ezius,  as  called  into  play  by  the  spinal 
"  accessory.  After  division  of  the  external  branch  of  this  nerve  the  voice  is  confined  to  the 
*'  duration  of  an  ordinary  expiration  and  the  vocal  sound  dies  off  in  a  kind  of  sentimental 
"  whine  as  the  end  of  the  expiratoi-y  movement  approaches ;  it  cannot  be  prolonged  into  a 
"  normal  cry." 

"  Closely  connected  with  plionation  is  the  phenomenon  of  effort,  also  dependent  upon 
"  the  integrity  of  the  spinal  accessory  :  The  ir^ternal  division  of  this  nerve  closes  the  glottis  j 
"  its  external  division  assists  in  steadying  the  thorax.  .  Respiration  is  not  visibly  affected  by 
"division  (or  evulsion)  of  the  nerve  so  long  as  the  anijnalis  at  rest,  but  during  any  exertion, 
."  such  as  running,  or  leaping,  a  want  of  harmony  immediately  appears  between  the  respi- 
"ratory  movements  &  those  of  the  limbs,  and  results  in  shortness  of  breath." 

"  The  special  influence  of  the  spinal  accessory  nerve  over  the  sterno-mastoid  &  trapezius 
"  does  not  prevent  the  ordinary  action  of  these  muscles  under  the  influenco  of  the  cervical 
«  nerves,  which  supply  them  with  common  motor  fibres."    -       .  ^ 
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HYPOGLOSSAL  NERVE. 


Js  chiefly,  if  not  entirely^  motor  from  its  origin ;  irrltafciou  of  its  roots  gives  rise  to  no  manifes- 
tations of  pain  (Louget).  Outside  the  cranium  it  becomes  5ot/i  sensory  motor,  its  aensihility 
being  probably  due  to  its  anastomoses  with  the  pneumogastric,  sympathetic,  loop  between 
the  two  first  cervical  &  gustatory.  Its  degree  of  sensibility  varies,  however,  in  different 
animals.    In  the  ox,  cat,  &  rabbit  it  has  a  distinct  sensory  root  presenting  a  ganglion. 

It  supplies  the  ?nuscles  of  the  iongiie,  the  depressor  muscles  of  th£  larynx  (through  its  descending 
branch,  which  is  said  by  some  to  be  derived  from  the  1st  &  2nd  cervical),  atui  the  thyro-  6* 
genio'hyoid.  When  it  is  irritated  the  tongue  is  convulsed ;  when  it  is  divided  on  both  sides 
the  tongue  hangs  down  as  a  helpless  mass,  and  is  liable  to  be  caught  between  the  teeth ; 
the  sensibility  of  the  organ  is  not  affected  by  the  operation. 

The  motor  power  which  this  nerve  communicates  to  the  tongue  is  essential  to  articulation,  masti- 
cation, &  the  first  act  of  deglutition, :  -  The  tongue  takes  part  in  the  pronunciation  of  nearly  all 
the  vowels,  and  of  all  the  consonants,  except  the  labials  {b,  m,p),  &  labio-dentals  {f,  v).  It 
brings  the  successive  portions  of  food  between  the  teeth.  After  mastication  it  carries  them 
backward  into  the  pharynx. 

Agreeably  with  the  statements  of  Henle,  who  describes  the  hypoglossal  nerve,  as  arising  in 
part  from  the  corpus  dentatum  of  the  olivary  body,  it  would  appear,  on  pathological  grounds, 
that  this  nerve  has  two  distinct  connections  with  the  nerve-centres'.  -  In  cases  of  paralysis, 
the  power  of  articulate  speech  may  be  impaired  or  lost  without  the  masticatory  move- 
ments of  the  tongue  being  affected  j  though  more  rarely,  the  converse  may  also  be  observed 
(Carpenter)  ,  -  In  paralysis  of  this  nerve  the  tongue  is  usually  protruded  towards  the  palsied 
side. 


FUNCTIONS  OF  THE  SYMPATHETIC  NERVE. 
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SYMPATHETIC  NERVE -1st  Tablet. 


May  be  considered  with  respect  to  tlie  cdndiidlon  of  sensory  impressions  &  of  invohiittary  or 
reflex  motor  impulses^  and  with  respect  to  the  reflex  actions  of  the  second^  third,  and 
fourth  classes. 

Conduction  of  Sensory  Impressions  -  la  but  imperfectly  effected  through  the  sym- 
pathetic  system,  through  which,  in  the  healthy  condition,  none  but  intense  &'  prolonged 
impressions  are  perceived:  the  viscera  are  not  felt,  except  when  diseased.  For  manifes- 
tations of  pain  to  be  elicited  through  the  sympathetic,  either  caustics  or  the  actual 
cautery  should  be  applied  to  the  splanchnic  nerves  or  to  the  semilunar  ganglia.  -  This 
imperfect  conduction  of  sensory  impression  is  doubtless  due  to  the  obstacle  to  transniission 
presented  by  the  ganglia,  in  which  the  sensory  impressions  may  be  supposed  to  be  diffused 
among  the  nerve  cells,  and  thus  to  become  exhausted  before  they  reach  the  spinal  cord. 

Conduction  of  Involuntary  or  Reflex  Motor  Impulses  -  is  equally  imperfect 

as  regards  rapidity^  But  the  esential  characteristics  of  the  movements  excited  through 
the  sympathetic  are  that  they  are  orderly  ^  in  every  %vay  like  the  natural  movements,  that 
they  are  induced  but  slowly,  and  that  the  parts  continue  to  act  for  a  certain  time  after  the 
stimulus  has  been  removed,  even  though  they  be  separated  from  the  cerebro-spinal 
axis  or  wholly  removed  from  the  body  :  irritation  of  the  nerves  of  the  stomach  &  intestine 
gives  rise  to  the  normal  vermicular  or  peristaltic  movements  of  these  parts ;  all  are 
:  acquainted  with  the  apparently  independent  action  of  the  heart.  -  This  is  doubtless 

due  to  the  action  of  the  visceral  or  parenchymatous  ganglia* 
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SYMPATHETIC  NERVE. -2nd  Tablet. 


Reflex  Actions  of  the  Second^  Third,  &  Fourth  Class 3s  -  (Vide  classification  of  Reflex 

Actions,  page  84). 


In  these  classes,  sympathetic  nerve-fibres  form  the  afferent  oi'  sensory  nerve,  or  the  efferent  or 
motor  nerve,  or  both,  respectively  as  follows  :  - 

Reflitx  Actions  or  the  2nd  Class  -  The  afferent  or  sensory  nerve  in  the  case  of  tha 
mechanical  thoraco. abdominal  functions,  i.e..  Muscular  contractions  in  breathings  coughing^ 
vomitings  etc. 

Reflex  Actions  op  the  3rd  Class  -  The  efferent  or  motor  nerve  in  the  case  of  the 
vaso-motor  reflex  actions,  which  govern  the  nutrition  &  the  secretions  of  the  body 
generally.  ' 

Reflex  Actions  of  the  4th  Class  -  Both  afferent  &=  efferent  nerves  in  the  case  of 
the  reflex  movements  of  the  thoraco-abdominal  viscera,  and  in  the  case  of  the  vaso-motor 
reflex  actions  which  govern  the  nutrition  &  the  secretions  of  these  viscera. 

Division  of  the  cervical  cord  of  the  sympathetic,  or  excision  of  the  superior  cervical 
ganglion,  induces  dilatation  of  the  vessels  of  the  corresponding  side  of  the  head  and  neck,  and, 
through  freer  flow  of  blood  through  the  cop^iWaivie^,  stimtilation  of  the  vital  properties  of 
all  the  tissues.  Thus,  after  the  operation,  the  cheek  becomes  flushed,  hot,  covered  with 
perspiration,  and  the  growth  of  the  hair  is  accelerated.  The  cutaneous  sensibility,  and 
that  of  the  organs  of  the  senses,  is  increased :  the  pupil  contracts,  the  eyelids  close, 
the  tears  flow;  the  muscles  respond  more  readily  to  any  irritation.  Rapid  cell  growth 
leads  to  general  hypertrophy,  and  to  increased  tolerance  of  injury,  or,  if  a  wound 
have  been  inflicted,  to  more  rapid  healing.  Stimulation  of  the  sympathetic,  or  of  its  upper 
cut  extremity,  reverses  the  phenomena.  -  Similar  effects  may  be  induced  in  any  part  of 
the  body. 
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SYMPATHETIC  NERVE. -3rd  Tablet. 


To  the  doch-iue  of  vaso-motor  reflex  action,  as  it  is  generally  receivetl,  Lave  recently  been  added 
both  the  rival  theories  of  active  arterial  dilatation  (Schiffi),  &  of  arterial  peristaltic  action 
(Legros  &  Onimus),  and  that  of  the  nutritive  &  secretory  influence  of  certain  trophic  (Samuel) 
&  excito-secretory  jierves  (Ludv^^ig),  which  nerves  are  said  to  arise  in  the  ganglia  on  the  poster- 
ior roots  of  the  spinal  nerves  and  to  run  centrifugally  with  the  fibres  of  these  nerves. — 

Thus  the  "passive  or  netiro-paralytic  hypercEmia  "  above  described  may  be  surpassed  iu 
degree,  it  is  said,  by  the  /^j)//i'r^?OT/^z resulting  from  the  direct  irritation  of  certain 

efferent  nerves ;  and  the  erection  of  the  penis  through  irritation  of  the  nervi  crigentes,  the 
increased  vascularity  of  the  submaxillary  gland  through  irritation  of  the  chorda  tympani, 
and  the  phenomenon  of  blushing,  are  given  as  cases  in  point. 

The  admission  of  the  active  dilatation  of  arteries  involves,  however,  the  view,  either  that 
the  arteries  contain  longitudinal  muscular  fibres,  which  is  contrary  to  evidence,  or  else  that 
muscular  fibres  can  elongate  forcibly. 

Vermicidar  or  peristalt'c  action  of  the  arteries  has  been  observed,  it  is  said,  in  the 
annelida  &  the  web  of  the  frog's  foot,  and  even  occasionally  in  the  human  eye ;  and  such  peris- 
taltic action  may  always  be  induced,  it  is  added,  by  slight  stimulation  of  those  same  nerves, 
whose  more  intense  irritation  produces  tetanic  contraction. 

The  admission  of  three  conditions  or  modes  of  action  of  arteries — the  intermediate 
condition,  in  which  the  elasticity  of  the  arterial  walls  comes  mainly  into  play;  the  state  of 
moderate  stimulation,  leading  to  peristaltic  action  &  hyperaemia;  and  the  state  of  more 
intense  stimulation,  leading  to  tetanic  contraction  &  an asmia— would  better  explain  the 
succeeding  extremes  of  vascularity,  -  as  when  the  pallor  of  rage  or  terror  follows  upon  the 
flush  of  a  more  moderate  emotion,  -  than  the  two  conditions  hitherto  believed  in. 

Samuel's  ii-ophic  nerves  are  not  shown  to  be  distinct  from  the  vaso-motors  by  the  fact  that 
irritation  of  the  superior  laryngeal,  vagus,  or  sciatic,  induces  laryngitis,  pneumonia,  or 
inflammatory  swelling  of  the  lower  limb ;  neither  do  other  experimental  facts  supply  any 
further  jDroof  of  their  special  character:  -  Muscles  paralysed  by  the  division  of  their  nerves 
do  not  lose  their  normal  structure  if  kept  in  a  state  of  activity  by  occasional  electric  stimu- 
lation ;  and  the  inflammation  &  destruction  of  the  cornea  &  eyeball  consequent  upon  divi- 
sion of  the  5th  nerve  appear  to  be  due  to  loss  of  sensibility  of  the  eye  &  eyelids,  leading  to 
dryness  of  the  parts  &  to  the  entrance  of  foreign  bodies,  rather  than  to  the  suppression  of 
any  nuti'itive  influence,  either  of  the  5th  nerve  or  of  the  sympathetic.  In  the  lower  animals, 
and  in  the  lowly  organised  tissues  of  the  higher  animals,  nutrition  is  influenced  but  very 
indirectly  through  the  nervous  system. 

The  existence  of  excito-secrelory  nerves  seems  to  be  better  established  by  the  flow  of  saliva 
induced  by  irritation  of  the  chorda  tympani,  or  of  either  the  auriculo-temporal,  gusta- 
tory, or  glosso-pharyngeal  nerve  after  the  circulation  through  the  gland  has  been  arrested 
(Ludwig).  It  would  appear  therefore  that  the  supply  of  blood  to  a  gland  is,  to  a  certain 
extent,  subordinate,  as  regards  secretion,  to  the  change  produced  in  the  gland-cells  them- 
selves through  the  direct  influence  of  the  glandular  nerves;  though  an  abundant  supply  of 
blood  is,  of  course,  necessary  to  furnish  the  materials  for  any  copious  discharge. 

(For  Action  of  the  Sympathetic  on  the  Iris,  Vide  Medulla  Oblongata,  2nd  Tablet). 


THE  SENSES. 
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THE  EYE 


Is  a  complete  camera  presenting 

Djrh  Chamber^  -  Lined  by  clioroid  j 
Refracting  Surfaces,  -  Cornea,  lens  j 
Media,  -  Aqueous,  vitreous ; 
Diaphragm,  -  Iris ; 

Screen,  -  Eetina,  destined  to  receive  inverted  images  of  external  objects,  which 
images  are  seen  on  removal  of  a  small  portion  of  the  sclerotic  &  choroid  from  back  of  eye. 

The  anterior  &  posterior  surfaces  of  the  cornea  being  very  nearly  parallel  to  each  other, 
and  the  refractive  power  of  the  cornea  being  moreover  very  nearly  the  same  aa  that  of  the 
aqueous  humour,  the  slight  refraction  at  the  posterior  surface  of  the  cornea  is  neglected  iu  the 
"  diagrammatic  eye."  The  refractive  power  of  the  vitreous  humour  is  very  nearly  the  same  aa 
that  of  the  aqueous.  The  refractive  power  of  the  leng  is  somewhat  greater  in  its  central  thau 
in  its  peripheral  portions, 

Emmetropia,  Myopia,  Hypermetropia,  Presbyopia. 

In  the  normal  or  emmetropic  eye,  the  far  limit  of  accommodation  is  at  an  infinite  distance,  and 
the  near  limit  is  at  about  10  or  12  cm.  No  accommodation  is  required  for  distant  objects,  and  the 
range  of  distinct  vision  is  very  great. 

In  the  myopic  or  short-sighted  eye,  both  the  far  limit  &  the  near  limit  are  brought  nearer  the 
eye.    The  near  limit  is  at  5  or  6  cm,,  the  far  limit  at  a  variable  but  not  very  great  distance. 

In  the  hyper7netropic,  or  originally  long-sighted  eye,  both  the  far  limit  &  the  near  limit  are 
removed  from  the  eye;  or,  more  correctly,  the  near  limit  is  removed  to  a  variable  distance,  and 
the  far  limit  is  so  far  removed  that  it  no  longer  exists. 

In  the  presbyopic  eye,  or  long-sighted  eye  of  old  pople,  the  near  limit  is  removed  from  the  eye, 
while  the  far  limit  is  (or  may  be)  unaffected. 

Both  myopia  and  hypermetropia  are  the  results  of  defective  mechanism ;  the  defect  lying  either 
in  the  antero-posterior  diameter  of  the  eye  being  too  long  (myopia)  or  too  short  (presbyopia),  or 
in  the  focusing  power  of  the  lens  being  too  great  (myopia),  or  too  little  (presbyopia),  or  in  both 
conditions  combined.  The  myopic  eye  is  too  long  in  its  antero-posterior  diameter,  or  its  lens 
is  too  thick ;  parallel  rays  are  therefore  brought  to  a  focus  in  front  of  the  retina.  The  hyperme- 
tropic eye  is  too  short  in  its  antero-posterior  diameter,  or  its  lens  is  too  flat;  parallel  rays  tend 
therefore  to  converge  behind  the  retina.  The  myopic  eye  can,  without  any  effort,  see  near 
objects,  and,  with  an  effort,  very  near  objects  ;  it  cannot  see  distant  objects.  The  hypermetropic 
eye  must  make  some  effort  to  see  even  distant  objects,  and  a  great  effort  to  see  near  objects ;  no 
effort  whatever  can  adapt  it  to  see  very  near  objects. 

Presbyopia  is  the  result  of  diminished  power  of  adaptation  or  of  impaired  mechanism,  duo 
either  to  increased  density  of  the  lens,  or  to  weakening  of  the  ciliary  muscle. 
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Scheiner's  Experiment  Demonstrating  the  Accommodation  of  the  Eye. 

Take  a  card,  and  prick  two  pin-holes  near  to  eacli  other  (the  distance  between  them  being 
less  than  the  diameter  of  the  pupil).  Through  these  pin-holes  look  at  two  pins'  heads  placed  one 
before  the  other.  If  the  attention  be  fixed  upon  the  nearer  one,  the  farther  one  will  be  seen 
double  &  blurred,  and  vice  versa. 

Turther,  if,  while  the  farther  pin's  head  is  seen  double,  the  right-hand  hole  be  blocked  up,  the  right-hand 
Image  of  the  farther  pin's  head  will  disappear.  If,  while  the  nearer  pin's  head  is  seen  double,  the  right-hand  hole 
be  blocked  up,  the  left-hand  image  of  the  nearer  pin's  head  will  disappear,  and  vice  versa. 

Experiments  of  Purkinje  &  Helmholtz  demonstrating  the  Dioptric  Phenomena 

of  Accommodation. 

If  a  light  be  held  before  the  eye,  three  reflected  images  of  the  flame  will  be  seen  by  a 
by-stander,  one  large  bright  &  superficial,  reflected  from  the  anterior  surface  of  the  cornea;  one 
Bmaller,  deeper  &  less  bright,  reflected  from  the  anterior  surface  of  the  lens  j  one  smaller, 
deeper  still  &  inverted,  reflected  from  the  posterior  surface  of  the  lens. 

If  these  images  be  carefully  watched  while  the  eye  experimented  upon  is  alternately 
accommodated  for^distant  and  for  near  objects,  the  image  reflected  from  the  anterior  surface  of 
the  lens  will  be  found  to  vary  in  size  &  position ;  the  other  images,  on  the  contrary,  will  not 
vary.  During  accommodation  for  near  objects,  the  image  reflected  from  the  anterior  surface  of 
the  lens  becomes  smaller  &  more  superficial,  showing  that  the  anterior  surface  of  the  lens  moves 
forward,  and  becomes  more  convex;  during  accominodation  for  distant  objects,  the  image  on  the 
anterior  surface  of  the  lens  sinks  deeper  into  the  eye,  and  becomes  larger,  showing  that  the 
anterior  surface  of  the  lens  moves  backwards  and  becomes  less  convex. 


Mechanism  of  Accommodation  for  Near  Objects. 

1.  -  Through  the  ciliary  muscle  drawing  forward  the  choroid  &  ciliary  processes,  and  thtts 
relaxing  uhe  suspensory  ligament  of  the  lens,  the  latter  bulges  forward  by  virtue  of  its  elasticity, 
and  the  convexity  of  its  anterior  surface  becomes  increased. 

2.  -  The  pupil  contracts,  so  as  to  cut  off  the  more  divergent  rays  from  the  less  refracting 
peripheral  portion  of  the  leng. 

Accommodation  for  distant  objects  is  merely  a  passive  return  to  the  state  of  rest. 

It  was  believed  for  a  long  time  that  the  mechanism  of  accommodation  consisted  in  the 
movement  of  the  lens  alternately  backwards  &  forwards,  and  in  the  alternate  shortening  & 
lengthening  of  the  axis  of  the  eye  by  the  action  of  the  straight  &  oblique  musclei.  The  circum- 
stance that,  in  the  above  experiments,  the  images  on  the  posterior  sui-face  of  the  lens  &  anterior 
surface  of  the  cornea  are  not  affected,  contradicts  these  theories — the  first  one,  directly, — the 
second  one  indirectly,  for  any  change  in  the  shape  of  the  eye-ball  would  necessarily  affect  the 
curve  of  the  cornea,  and  consequently  the  image  reflected  from  its  surface.  Besides,  pressure 
■upon  the  eye-ball  woiild  act  injuriously  by  rendering  the  retina  anaemic  &  consequently  less 
sensitive. 
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Movements  of  the  Pupil. 


The  pupil  contracts  when  the  retina  or  the  optic  nerve  is  stimulated  (as  when  light  falls  on 
the  retina),  when  the  eye  is  turned  inwards  and  accommodated  for  near  objects,  under  the  influence 
of  calabar  bean,  etc.  The  pupil  dilates  when  the  stimulation  of  the  retina  or  optic  nerve  is 
arrested  or  diminished  (as  when  light  ceases  to  fall  on  the  retina),  when  the  eye  is  accommodated 
for  distant  objects,  under  the  influence  of  atropin,  etc. 

The  contraction  &  dilatation  are  produced  by  the  circular  &  radiating  fibres  of  the  iris,  and 
also  to  some  extent,  perhaps,  by  variations  in  the  vascular  condition  of  the  organ. 

These  movements  are  governed  by  reflex  action,  as  follows :  -  The  afferent  nerve  is  the 
optic  nerve.  For  contraction,  the  efferent  or  motor  nerve  is  the  third  or  motor  oculi  arising 
from  a  centre  in  the  corpora  quadrigemina.  For  dilatation,  the  motor  nerve  is  the  cervical 
sympathetic  arising  from  the  cilio-spinal  centres  in  the  medulla  &  the  upper  part  of  the  spinal 
cord. 

It  appears  probable  that  these  nerves  act  on  the  muscular  fibres,  not  directly,  but  indirectly 
through  the  ganglion-cells  in  the  choroid  &  the  iris.  This  is  shown  by  the  facts  that,  after  the 
third  nerve  has  been  divided  and  the  pupil  has  dilated  under  the  influence  of  the  sympathetic, 
further  dilatation  may  be  induced  by  the  action  of  atropin ;  and  that,  after  the  sympathetic 
nerve  has  been  divided,  and  the  pupil  has  contracted  under  the  influence  of  the  third  nervo, 
further  contraction  may  be  induced  by  the  action  of  calabar  bean,  In  these  cases,  the  atropin 
and  the  calabar  bean  must  act  upon  some  local  mechanism,  probably  the  ganglion-cells  aboro 
mentioned ;  and,  if  that  be  admitted,  it  must  further  be  admitted  that  the  nerves  themselves  act 
through  the  same  local  mechanism. 

The  two  centres  for  the  contraction  of  the  pupils  are  co-ordinated,  and  act  together; 
irritation  of  one  retina  induces  contraction  of  both  pupils. 

Some  of  those  fibres  of  the  sympathetic  which  act  upon  the  pupil  join  the  Gasserian  ganglion, 
and  run  in  the  course  of  the  ophthalmic  division  of  the  5th,  the  nasal,  &  the  long  ciliary  nerves : 
division  of  the  5th  nerve  causes  contraction  of  the  pupil,  irritation  of  the  peripheral  portion  of 
the  divided  nerve  causes  dilatation.  Other  fibres  reach  the  eye  through  the  cavernous  plexus,  the 
lenticular  ganglion,  and  the  short  ciliary  nerves. 
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The  Retina; 

The  sensitive  layer  of  the  retina,  e.,  the  layer  in  which  the  impressions  of  light  originate, 
is  the  layer  of  the  rods  &  cones.  This  is  shown  by  the  calculations  of  H.  Miiller  hased  upon 
Purkinje's  experiment  of  vascular  tree :  The  vessels  of  the  retina  (the  branches  of  the  arteria 
centralis  retinae  &  the  corresponding  veins)  lie  at  first  upon  the  anterior  layers  of  the  retina, 
through  which  layers  they  project  their  shadow  upon  the  posterior  ones.  It  is  only  the  force  of 
habit  that  prevents  us,  under  ordinary  circumstances,  from  perceiving  this  shadow,  for  if,  while 
the  eye  is  looking  into  the  dark,  a  ray  of  light  be  made  to  fall  very  obliquely  upon  the  retina 
(either  by  transmission  through  the  coats  of  the  eye,  or  after  reflection  on  the  inner  surface  of 
these  coats),  the  shadow  will  immediately  appear  ;  and  if  now  the  luminous  body  be  displaced, 
the  shadow  will  be  found  to  move  accordingly. 

According  to  Schultze,  the  cones  are  affected  by  differences  of  colour,  and  the  rocis  by 
differences  of  brilliancy,  or  intensity  of  light. 

The  region  of  distinct  vision  is  limited  to  the  macula  htfea,  or  perhaps  even  to  the  fovea 
centralis.  From  th'is  point  the  sensibility  of  the  retina  diminishes  rapidly,  though  irregularly  ia 
different  directions;  the  area  of  " indistinct  vision "  varies  considerably  in  extent  in  different 
individuals.  -  The  object  of  the  movements  of  the  eye-ball  is  to  bring  the  images  of  the  objects 
observed  upon  the  macula  lutea.    The  optic  disc  or  "  blind  spot"  is  almost  insensible. 

In  binocular  vision,  singleness  of  perception  depends  on  the  two  images  of  the  same  object 
falling  upon  corresponding  parts  of  the  two  retinae.  The  upper  halves  of  the  two  retinae 
correspond  to  one  another,  and  so  do  also  the  lower  halves;  the  inner  half  of  one  retina 
corresponds  to  the  outer  half  of  the  other,  &  vice  versa,  -  The  two  blind  spots  not  being  corres- 
ponding parts,  each  eye  supplies  that  part  of  the  field  of  vision  which  is  wanting  in  the  other. 

We  judge  of  the  distance  of  an  object  partly  by  the  effort  necessary  on  the  part  of  the 
muscles  of  the  orbit  to  bring  the  axes  of  the  two  eyes  to  converge  upon  it,  and  partly  by  the 
effort  necessary  on  the  part  of  the  ciliary  muscle  to  bring  its  image  to  a  focus  upon  the  retina. 

By  the  same  means  do  we  judge  of  solidity  or  shape ;  our  discrimination  being  aided  by  the 
slight  difference  between  the  images  perceived  by  the  two  eyes. 

Our  appreciation  of  the  size  of  an  object  is  based  partly  on  its  apparent  size,  the  angle 
it  subtends,  and  partly  upon  its  supposed  distance. 

A  transitory  stimulus  may  produce  a  visual  impression  of  greater  duration  than  itself  j 
hence  the  phenomena  of  after-imagcsj  positive)  &  negative. 

One  image  may  react  more  or  less  on  another  j  hence  the  phenomena  of  irradiation  &  contrast. 

Though  the  most  admirable  of  all  optical  instruments,  since  alone  it  possesses  the  power 
of  self-adaptation  to  distances,  the  eye  frequently  presents  slight  imperfections,  such  spherical 
^  chromatic  aberration,  <s»lgmatis7n,  etc* 
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HEARING. 


Sonorous  vibrations  being  transmitted  with  difficulty  from  the  air  to  solids  &  liquids, 
the  auditory  apparatus  is  supplied  to  increase  our  power  of  hearing.  Sonorous  waves  can, 
however,  reach  the  audito^'y  nerve  through  the  bones  of  the  skull. 

The  Concha. 

The  large  &  movable  conoha  of  the  mammalia  generally  serves  to  collect  the  waves  of 
sound,  and  to  direct  them  towards  the  tympanum  j  the  small  &  fixed  human  pinna  is  of  relatively 
little  use. 


The  Membrana  Tympani. 

Of  all  solids,  those  that  are  most  easily  set  to  vibrate  under  the  influence  of  aerial  waves, 
and  which  are  the  best  conductors  of  sound,  are  those  which  have  one  diameter  very  much 
greater  or  very  much  smaller  than  the  others,  or  very  great  as  compared  to  the  length  of  the 
Eound  waves,  e.      tensed  cords  &  membranes. 

The  membrana  tympani,  through  being  slightly  depressed  in  the  centre,  is  especially 
susceptible  to  sonorous  vibrations  reaching  it  through  the  auditory  meatus.  It  has  also  the 
peculiar  advantage  of  having  no  note  of  its  own,  and  therefore  of  being  able  to  answer  to  vibra- 
tions of  very  different  wave-lengths.  Its  degree  of  tension,  and  therefore  its  power  to  vibrate,  is 
further  increased  or  diminshed  by  the  action  (reflex)  of  its  tensor  &  laxator  muscles.  (Tho 
latter  is  considered  by  some  to  be  merely  a  ligament.) 

The  Auditory  Ossicles. 

These  transmit  the  vibrations  of  the  membrana  tympani  to  the  membrane  of  the  fenestra 
ovalis  (annular  ligament)  with  increased  intensity  bat  diminished  amplitude,  for  they  form  together 
a  compound  lever  of  which  the  long  arm — manubrium  of  the  malleus,  which  receives  the  vibra- 
tions of  the  tympanic  membrane — is  twice  as  long  as  the  short  one — ^long  process  of  the  incus, 
which  acts  in  its  turn  upon  the  stapes.  -  The  fulcrum,  or  axis  round  which  this  lever  rotates,  is 
an  imaginary  line  passing  through  the  processus  gracilis  &  head  of  the  malleus,  and  the  body  & 
short  process  of  the  incus,  to  the  point  of  attachment  of  the  latter  process  to  the  posterior  wall 
of  the  tympanum. 

The  ossicles  cannot  be  considered  as  perfect  conductors,  for,  on  the  one  hand,  they  are 
somewhat  loosely  articulated  together,  and,  on  the  other,  neither  of  their  diameters  is  very  much 
greater  or  very  much  smaller  than  the  others,  or  very  great  as  compared  to  the  length  of  the 
sound-waves. 

The  other  medium  of  conduction  of  sonorous  waves  through  the  tympanum  is  the  air 
which  that  cavity  contains,  which  air  is  maintained  in  equilibrium  of  pressure  with  the  external 
air  by  means  of  the  Eustachian  tithe.  The  Eustachian  tube  serves  further  for  the  exit  of  mucus; 
it  is  opened  during  the  second  act  of  deglutition,  but  is  probably  closed  at  other  times 
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The  Labyrinth. 

The  sonorous  waves  transmitted  to  the  perilymph  by  the  membrane  of  the  fenestra  oralis 
traverse  the  vestibule  to  reach,  on  the  one  hand,  the  semicircular  canals,  and  on  the  other,  the 
cochlea.  In  the  vestibule  &  semicircular  canals,  they  are  transmitted  to  the  membranous 
labyrinth  &  to  the  endolymph  which  it  contains,  and  are  supposed  to  throw  the  auditory  hairs 
into  Adbra'ion  ;*  the  otoliths  are  supposed  to  intensify  the  vibrations.  In  the  foc  .lea.  t>v^  -r  ;r -  3 
lun  up  the  pcala  vestibuli  to  the  cupola,  and  then  descend  the  soala  tympdn?,  an  !  e  -  ■  1 
against  the  membrane  of  the  fenestra  rotunda.  -  The  stape  lius  muscle  is  suppos'^  o; 
the  movements  of  the  stapes,  and  to  prevent  its  bein<?  driven  too  far  into  the  vescibii  0  n  )u;h 
'any  sudden  displacement  of  the  membrana  tympani.  It  draws  the  stapes  backwar  s  in  ;o 
doing,  it  presses  the  back  part  of  the  stapes  into  the  fenestra  ovalis  and  withdraws  the  front  pait, 
and,  perhaps,  gives  riee  to  a  wave. 

*  It  must  not  be  forgotten  that  the  semicircular  canals  have  duties  apart  from  conscious  hearing.  -  Yido 
"  Guiding  Sensations,"  or  3rd  Tablet  on  Reflex  Action. 


Organ  of  Corti. 

It  seems  probable  that  the  orgatL  of  Oorti  is  la  some  way  connected  with  the  appreciation 
of  the  number  and  relative  prominence  of  the  several  tones  &  overtones,  which  enter  into  the 
composition  of  almost  every  sound;  and  the  long  series  of  the  rods,  varying  regularly  as  they  do 
both  in  length  and  in  span  of  arch  from  one  end  of  the  organ  to  the  other,  is  suggestive  of  the 
hypothesis  that  each  pair  responds  to  vibrations  of  a  specific  wave-length,  as  do  the  strings  of  a 
piano  or  harp.  These  rods  would  thus  eflfect  the  analysis  of  complex  sounds.  In  opposition  to 
this  theory  stands,  .however,  the  fact  that  the  variations  in  length  of  the  rods  appear  too  little 
to  allow  them  to  answer,  as  do  the  cords  of  a  musical  instrument,  to  all  the  sounds  that  we  hear; 
moreover  the  rods  are  absent  in  birds.  On  the  other  hand,  the  basilar  membrane  is  tense 
radially  but  loose  longitudinally,  /.  e.,  in  the  direction  of  the  length  of  the  spiral  canal.  Ic  may 
therefore  be  considered  to  consist  of  a  number  of  strings  radiating  from  the  lamina  spiralis 
ossea  to  the  outer  wall  of  the  spiral  canal.  These  strings  vary  in  length  much  moi'e  than  the 
rods  of  Corti ;  and  it  is  further  possible  that  they  may  be  more  or  less  tensed  by  the  action  of  the 
muscular  fibres  described  by  Todd  &  Bowman  in  the  ligaraentum  spirale.  It  is  with  some  show 
of  reason,  therefore,  that  Hensen  suggests  that  this  basilar  membrane  might  supply  the 
analysing  apparatus  first  sought  for  in  the  rods.  According  to  this  view  sonorous  waves,  on 
reacliing  the  scala  tympani  of  the  cochlea,  would  set  into  vibration  special  portions  of  the 
basilar  membrane,  which  portions  would  so  act  in  their  turn  upon  the  overlying  structures  as 
to  give  rise  to  the  corresponding  impression  of  sound. 

Musical  sounds  are  due  to  periodical  vibrations.  Noises  are  due  to  vibrations  which  are  not 
periodical,  or  the  periodicity  of  which  is  too  complex  to  be  easily  appreciated. 

The  loudness  of  a  sound  depends  upon  the  amplitude  of  the  vibrations  which  cause  it.  The 
pitch  depends  upon  the  wave-length  of  the  vibrations,  or  upon  the  number  of  vibrations  p3r 
second. 

The  qua'iiy  of  a  sound  depends  on  the  number  and  relative  prominence  of  the  overtones 
which  accompany  the  fundamental  tone.  These  overtones  vary  greatly  from  one  instrument  to 
another,  the  same  note  being  struck  in  both  instruments. 

The  range  of  ordinary  appreciation  of  musical  sounds  lies  between  about  40  and  about  4003 
vibrations  per  second.  Most  persons  can  recognise  the  lowest  base  C  (33  vibrations)  and  the 
highest  treble  C  (4224  vibrations).  The  impression  produced  by  vibrations  below  30  in  number 
may  be  felt,  if  the  vibrations  are  sufficiently  powerful,  but  it  cannot  be  heard.  Many  persons 
can  hear  sounds  produced  by  as  many  as  16000  vibrations  per  second,  and  some  can  hear  sounds 
produced  by  as  many  as  38000  vibrations;  but  such  sounds,  when  audible,  cannot  be  distinguished 
with  any  degree  of  accuracy. 

When  instruments  not  quite  in  tune  are  sounded  together,  the  interference  of  the  vibrations 
produces  an  alternating  rise  &  fall  of  the  sound  known  as  "  beats."  When  the  beats  are  as 
many  as  about  130  per  second  they  become  fused,  and  cease  to  b©  recognised  j  but  juat  before 
they  disappear  they  give  a  peculiar  roughness  to  the  sound. 


SMELL  &  TASTE. 


SMELL 

Appears  to  originate  in  the  contact  of  odoriferous  particles  witli  the  spindle-shaped  olfactory 
cells  described  by  Max  Schultze  (Vide  Tablets  of  Anatomy). 

It  appears  necessary  that  the  vehicle  of  these  odoriferous  particles  should  be  a  gazeoUB 
medium  :  When  the  nostril  is  filled  with  rose-water,  the  odour  of  roses  is  not  perceived. 

The  sensation  takes  some  time  to  develop,  and  when  developed,  lasts  a  considerable  time. 
Stimulations,  when  too  often  repeated,  fail,  however,  to  awake  the  sensation. 

Sensations  other  than  sensations  of  smell  may  also  be  perceived  through  the  nose :  Pungent 
substance?,  such  as  ammonia,  give  rise  to  sensations  essentially  different.  These  two  kinds  of 
sensations  are  conveyed  by  different  nerves,  the  former  by  the  olfactory  nerve,  the  latter  by  the 
fifth  :  -  After  division  of  the  olfactory  nerve,  animals  are  still  affected  by  ammonia  (Magendie)  j 
but  they  have  lost  the  special  sense  of  smell  (Bifii).  -  It  should  be  added  that  smell  may  be 
impaired  by  division  either  of  the  fifth  nerve,  or  of  the  facial;  after  the  division  of  the  fifth 
nerve,  the  impairment  is  due  to  imperfect  nutrition  of  the  Schneiderian  membrane  (Y.  page 
100) ;  after  division  of  the  facial  nerve,  it  is  due  to  paralysis  of  the  dilators  &  compressors  of  the 
nostrils,  and  to  the  consequent  inability  to  direct  a  brisk  current  of  air  towards  the  upper  or 
olfactory  part  of  the  nasal  fossae  (Y.  page  101). 


TASTE 

Has  its  seat  in  the  tip,  edges,  and  back  part  of  the  tongue,  the  soft  palate  with  its  anterior 
pillars,  and  the  back  part  of  the  hard  palate;  the  middle  of  the  dorsum  of  the  tongue  is  but 
slightly  endowed  with  taste.  -  It  must  be  added  that  the  perfection  of  the  sense  of  taste  ia 
due  to  many  sapid  substances  also  affecting  the  sense  of  smell. 

To  be  tasted,  sapid  substances  must  be  in  solution,  or  at  least  sol  able  j  and  the  mouth  must 
be  moist.  Large  surfaces  of  contact,  friction,  or  pressure  of  the  sentient  surfaces  one  against 
tl  e  other,  etc.,  favour  the  production  of  the  sensation,  as  does  also  a  temperature  of  about  40°  0. 

The  sensation  takes  a  long  time  to  develop,  and  then  endures  a  long  time.  When  well 
marked,  these  prolonged  sensations  constitute  what  is  called  the  after-tasle. 

For  the  special  functions  of  the  Lingual  6^  Giosso-Pharyngeal  Nerve &  the  Chorda  Tympanlt 
see  pages  104  &  101. 

For  the  description  of  the  so.called  Taste-buds^  see  Tablets  of  Anatomy.  These  organs 
are  now  believed  not  to  be  connected  with  the  sense  of  taste,  since  they  are  found  on  the  epi- 
glottis which  is  not  endowed  with  taste. 


GENERAL  DEVELOPMENT  OF  THE  EMBRYO. 


In  the  oviparous  classes  o£  vertebrates — Urds, reptiles, fishes — ia  whicli  the  development  of  the 
embryo  takes  place  after  the  ovum  has  been  deposited  by  the  parent,  a  considerable  amount  of 
nutrient  material  is  provided  within  the  yolk,  which  is  of  large  size,  rich  in  granular  protO' 
^lasmic  matkr,  opaque^      highly  coloiir.d^ 

In  the  viviparous  claSS'^mammals'^in  which  the  embryo  is  developed  within,  and  derives  its 
nourishment  from  the  parent^  the  ovum  is  small,  and  contains  but  a  small  yolk,  which  yolk 
is  also  less  rich  in  gramdar  protoplasmic  iiidttcV,  and  is  pale,  clear,  &=  lympid. 

The  one  ovum  is pai'tly  prmative     partly  nutritive,  and  is  termed  "  meroblastic.^* 

The  other  is  entirely,  or  almost  entirely}  formative^  and  is  termed  " holoblastic" 
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THE  TWO  KINDS  of  OVA. 


HOLOBLASTIC  OVUM. 

The  holoblastic  ovum  is  smal/. 

Its  vitelline  membrane  is  thick     transparent^  and  forms  fche  zona  pelhicida. 

The  germitial  or  formative  yolk  entirely  fills  the  vitelline  membrane.  It  is  pale  limpid,  and 
contains  but  a  small  amount  of  granular  protoplasm.  First  towards  its  centre,  and  then 
towards  the  periphery,  is  the  germinal  vesicle  with  the  germinal  spot^  the  latter  spot 
Ibeing  turned  towards  the  periphery. 

Its  average  size  is  about  -j^^  of  an  inch;  the  human  ovum  varies  from  to  of  an 
inch.  -  The  germinal  vesicle  varies  from       to  -^qq  of  an  inch, 

MEROBLASTIC  OVUM  (Hen's  Egg). 

,The  meroblastic  ovum  is  large. 

Its  vitelline  membrane  \b  thin,  often  granular,  sometimes  indistinctly  fibrous,  and  lined  inter- 
nally with  a  stratum  of  nucleated  cells,  the  epithelial  layer.  Therd  is  no  pellncid  zone. 

The  yolk  is  large,  rich  in  granular  protoplasm,  opaque,  &^  highly  coloured.  At  first  it  appear^ 
uniform  throughout,  but  it  is  soon  seen  to  divide  into  two  parts,  the  germinal  yolk,  &  the 
nmritive'yolk. 

The  germinal  yolk  is  i)aler  more  fiuid,  and  contains  a  smaller  amount  of  oil 
globules.  In  its  midst  is  the  germinal  vesicle  with  the  germinal  spot.  On  the  surface  of 
the  ovum,  it  forms  the  cicatricida  or  germinal  disc,  a  small  whitish  spot  always  situated 
on  that  part  of  the  surface  which,  as  is  explained  below,  turns  upwards  when  the  egg 
is  laid  upon  its  side.  Beneath  the  cicatricula,  the  germinal  yolk  extends  downwards 
towards  the  centre  of  the  ovum  into  an  expanded  cavity,  the  latebi'a. 

As  the  hen's  egg  descends  along  the  oviduct,  a  coating  of  albumen,  the  white,  supplied 
by  the  mucous  membrane  of  the  canal,  is  added  to  its  surface.  In  consequence  of  the 
rotatory  movement  imparted  to  the  egg  by  the  folds  of  the  mucous  membrane,  this 
coating  is  deposited  in  spirally  arranged  layers  ;  and  towards  the  poles  are  tzvo  particularly 
dense  and  tzvisted  portions,  the  chalazce,  to  which  the  yolk  is  so  to  speak  suspended. 
These  chalazae  are  attached  to  the  yolk  a  little  below  its  centre,  on  the  side  opposite  the 
cicatricula;  therefore,  as  the  yolk  is  lighter  than  the  albumen  and  tends  to  float,  the 
cicatricula  must  always  rise  to  the  top  when  the  egg  is  laid  upon  its  side;  in  the  nest,  it 
is  the  part  first  warmed  by  the  hen. 

In  the  lower  part  of  the  oviduct,  the  egg  acquires  its  last  covering,  which,  becoming 
calcified  in  its  outer  portions,  forms  the  shell  &  the  shell  inembrane,  the  former  perforated 
by  minute  vertical  canals  for  the  interchange  of  gases.  The  shell  membrane  consists  of. 
several  strata  of  finely  matted  fibres.  At  the  larger  end  of  the  egg  it  splits  after  a  cer- 
tain time  into  two  layers,  between  which  is  formed  the  air  space,  the  air  contained  in 
which  space  is  believed  to  assist  in  the  respiration  of  the  embryo  chick. 

The  yolk  contains  17  per  cent,  of  albumen,  29  per  cent,  of  fatty  mattei',  a  little 
phosphorized  fatty  matter,  salts,  &  52  per  cent,  of  water.  The  white  contains  11  per  cent, 
of  albumen,  salts,  extractive  matters,  a  small  quantity  of  fatty  matter,  &  84  per  cent,  of 
■water.  Tha  shell  is  composed  of  86  per  cent,  of  carbonate  of  lime,  2  of  phosphate  of  lime. 
&  2  of  animal  matter. 
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ivEENSTEUATION,  OVULATION. 


The  menstrual  discliarge  is  a  thin^  dark,  sero-sangiiineoiis  fluid  of  a  peculiar  &  fceiid  odour.  It  contains 
eitlier  uncoagtdaied  blood  or  broken  down  clot,  uterine  &  vaginal  mucus  with  a  watery  fluid  or 
sertim,  epithelhciUi  &  the  dSr/s  of  the  decidua  vienstrualis  (J.  Williams). 

This  decidua  mensirualis  is  the  tnucoiis  mejubrane  of  the  body  of  the  uterus.  This  mucous 
membrane  becomes  thick,  dark,  &  congested  at  every  menstrual  period,  in  preparation  for  the 
reception  of  the  fecundated  ovum,  should  fecundation  take  place.  Should  fecundation 
not  tako  place,  the  decidua  menstrualis  undergoes  disintegration;  its  vessels  are  laid  open, 
hemorrhage  follows,  and  the  membrane  itself  is  thrown  off. 

The  blood  which  is  poured  out,  either  does  not  coagulate  on  account  of  the  admixture 
&  dilution  above  described,  or  it  coagulates  but  very  imperfectly,  and  the  coagulum  soon 
breaks  down. 

Menstruation  therefore  is  not  the  simple  result  of  congestion  of  the  uterus  arising  from  the  matur- 
ation  &  rupture  of  a  Graafian  follicle  and  the  discharge  of  an  ovum.  The  flax  may  occur 
without  any  Graafian  follicle  being  ruptured ;  and  ova  may  be  discharged  without  any 
flux  occurring.    The  presence  of  an  ovary  is,  however,  a  necessary  condition  for  menstruation. 

It  is  now  clearly  made  out  that  the  discharge  of  the  ovum  usually  occurs  a  little  bsfore,  or  at  the 
commencement,  of  the  menstrual  period,  exceptionally  towards  its  close  or  afterwards 
(J.Williams,  Lowen thai).  Conception,  also,  usually  occurs  before,  and  not  after  the  men- 
strual  period. 

Menstruation  usually  commences  in  this  country,  and  in  others  of  similar  latitude,  between  the  ages 
of  fourteen  &  fifteen,  in  Avarm  climates  the  flux  appears  a  little  .earlier.  Its  appearance  ia 
accelerated  by  habits  of  indolence  &  luxury,  and  by  early  sexual  excitement.  The  several 
periods  usually  occur  at  intervals  of  a  lunar  month  j  and  the  ordinary  duration  of  each 
period  is  from  three  to  six  days. 
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THE  OOBPUS  LUTEUM 


Is  a  transitory  cicatricial  development,  which  occurs  during  the  obliteration  of  the  ruptured 
Graafian  vesicle. 

For  the  first  three  weeks,  the  evolution  of  all  corpora  lutea  is  the  same 

Immediately  after  the  escape  of  the  ovum  from  the  Graafian  vesicle,  a  slight  hemor- 
rhage takes  place  into  the  cavity  of  the  latter.  Part  of  the  effused  blood  doubtless  issues 
into  the  peritoneum  ;  but  the  greater  part  is  retained  in  the  vesicle,  for  the  opening  made 
by  the  ovum  during  its  escape  was  a  very  small  one  (usually  not  more  than  -^-^  of  an 
inch  in  diameter). 

This  blood  soon  coagulates ;  and  the  Graafian  vesicle,  distended  by  the  clot,  forms 
the  corpus  luteum  in  its  first  stage. 

Two  series  of  changes  now  take  place  :  on  the  one  hand,  the  clot  shrinks,  hardens,  and 
loses  its  dark  colour;  on  the  other,  the  wall  of  the  vesicle  thickens  more  &  more  every  day, 
especially  in  its  deeper  part,  and  becomes  convoluted,  and  variously  altered  in  colour. 

By  the  end  of  the  third  week,  the  corpus  luteum  has  developed  into  a  well  defined 
rounded  tumour,  |  of  an  inch  wide,  i  an  inch  deep,  marked  on  its  surface  by  a  small  cicatrix 
corresponding  to  the  ruptured  point  of  the  vesicle.  On  section,  the  clot  is  of  a  gray  or  light 
greenish  colour,  more  or  less  mottled  with  red,  and  semi-transparent ;  and  the  wall  is  of  a 
yellowish  or  rosy  hue,      of  an  inch  thick  in  its  deepest  part. 

The  corpus  luteum  of  menstruation  diminishes  after  the  third  week. 

It  diminishes  rapidly  during  the  fourth  week,  losing  nearly  one-half.  On  section,  at 
the  end  of  the  fourth  week,  the  clot  is  considerably  shrunk,  quite  pale,  and  slightly  adherent 
to  the  wall  J  the  latter,  through  undergoing  fatty  degeneration,  has  turned  of  a  bright 
yellow. 

The  process  now  advances  more  slowly.  The  clot,  reduced  to  a  small  shrivelled  reddish 
white  mass,  blends  with  the  wall,  which  becomes  fi-iable,  less  coloured,  and  finally  confounded 
with  the  surrounding  tissues.  By  the  eighth  or  ninth  week  there  is  left  but  a  yellowish 
cicatrix-like  spot,,  one-fifth  of  an  inch  wide.  ^ 

The  corpus  luteum  of  pregnancy  continues  to  increase  until  the  fourth  month,  when  it  reaches 
the  size  of  1  inch  by  f .  The  wall  is  then  ^  of  an  inch  thick,  and  of  a  dull  or  slightly  faded 
yellow ;  the  clot  is  colourless  &  purely  fibrinous. 

Scarcely  any  change  takes  place  during  the  5th  &  6th  months. 

Then  comes  on  the  process  of  atrophy  above  described.  This  proceeds  but  slowly  until 
birth,  when  the  corpus  luteum  is  still  ^  an  inch  wide  by  i  of  an  inch  deep,  though  somewhat 
softer,  more  vascular,  and  less  distinct  in  colour  &  structure. 

After  birth  resorption  proceeds  rapidly,  and  what  remains  after  eight  or  nine  weeks  ia 
scarcely  distinguishable,  except  upon  a  close  exaaaination.  Some  traces  may  remain, 
however,  for  eight  or  nine  months, 
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PBELIMINARY  TRANSFORMATIONS  of  the  OVUM 


Are  tlie  segmentation  of  the  yolk,  tlie  formation  of  the  blastodermic  membrane,  the  deliraitatlon 
of  the  area  germinativa,  &  the  appearance  of  the  area  psllucida. 

After  fecundation  the  gorminal  vesicle  disappears,  and  a  new  cell,  the  embryo  cell,  is  formed  in 
its  stead  (Bischoff,  Coste,  Eobin),  which  new  cell  divides  and  subdivides  into  two,  four, 
eight,  sixteen,    ,   ,   ,   ,    an  indefinite  number  of  nuclei. 

The  yolk  then  gathers  round  the  divisions  and  subdivisions  of  the  central  vesicle  so  as  to  form 
two,  four,  eight,  sixteen,  an  indefinite  number  of  nucleated  segments  of  the  pri- 
mitive yolk.  -  This  cleavage  or  segmentation  transforms  the  yolk  first  into  a  mulberry 
looking  mass,  and  subsequently  into  a  granular  collection  of  minute  spheroidal  cells. 

These  cells  pass  to  the  periphery  of  the  ovum.  Here  they  arrange  themselves  in  a  continuous 
layer  on  the  inner  surface  of  the  vitelline  membrane,  become  flattened  by  mutual  pressure, 
and  constitute  the  blastodermic  or  germinal  membrane.  The  central  part  of  the  ovum 
becomes  at  the  same  time  clear  &  transparent. 

The  cells  of  the  blastodermic  membrane  accumulate  at  one  point,  and  form  a  slightly  opa- 
que spot,  the  area  germinativa.  -  This  area  is  at  first  small  &  circular,  but  it  soon  increases 
in  size  and  becomes  oval  &  pear-shaped,  its  longitudinal  axis  corresponding  to  the  longi« 
tudinal  axis  of  the  future  embryo. 

A  clear  transparent  space,  the  area  pellucida,  appears  in  itd  centre,  and  similarly  extends  & 
assumes  a  similar  form.  This  space  is  bounded  by  an  opaque  white  line  due  to  a  peripheral 
accumulation  of  cdlls  &  nuclei. 

The  blastodermic  membrane  splits  into  two  layers,  the  Upper,  outer.  Or  serous  layer,  or  epihlast, 
and  the  under,  inner,  or  mucous  layer,  or  hypoblast.  A  third  or  middle  layer,  the  vascular 
layer,  or  masoblasi,  soon  appears  between  the  two  others. 

Now  are  formed  the  first  rudiments  of  the  embryo  &  of  its  appendages  : 

In  the  long  axis  of  the  area  pellucida,  that  is  to  say  in  the  long  axis  of  the  future  embryo, 
appear  superficially  the  primiiive  trace  or  groove^  and  beneath  this,  the  chorda  dorsalis  or 
notochord.  The  primitive  groove  is  bounded  by,  or  comprised  between,  two  longitudinal  plates, 
or  thickened  portions  of  the  blastodermic  membrane,  termed  the  lamince  dorsaleu 
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GENERAL  DEVELOPMENT  of  the  EMBRYO. 


The  primitive  trace  or  groove  is  a  shallow  furrow  which  appears  on  the  qotcr  or  serous  layer  ot 
the  germinal  membrane  in  the  long  axis  of  the  area  pellucida,  and  consequently  in  the  mesial 
line  of  the  future  embryo.  It  is  widest  at  its  anterior  or  cephalic  end,  in  which  situation  it 
soon  developes  into  three  recesses  or  vesicles  corresponding  to  the  three  primary  divisions  of 
the  future  encephalon^ 

The  chorda  dorsalis  or  notocJiord  is  a  semi-opaque  thread  situated  beneath  the  primitive  groove. 
It  consists  of  a  linear  mass  of  cells.  It  forms  the  b^sis  round  which  the  bodies  of  the  vertebrae 
are  subsequently  developed. 

The  lamincE  dorsales  are  seen  at  an  early  period  to  be  formed  by  the_outerJayer  and  by  part  of  the 
middle  layer  of  the  germinal  membrane.  They  thicken  into  two  prominent  masses  on  either 
side  of  the  primitive  groove,  and  then  divide  into  dorsal  plates  ventral  plates^  both  of  which 
plates  are  formed  in^part  by  both  outer  6^  middle  germinal  layers. 

The  dorsal  plates  rise  up  on  either  side  of  the  primitive  groove,  which  thus  becomes  deeper  &  deeper, 
they  then_divide  into  medullary  ^posterior  vertebral  plates, ^\\ich  plates  are  formed  respoctivelyj 
the  one  by  the  outer,  the  other  by  the  middle  germinal  layer.  These  medullary  &  posterior  & 
vertebral  plates  both  unite  in  the  median  line,  giving  rise  respectively,  the  one  to  the  primitive 
tube  of  nervous  substance,  the  other  to  the  posterior  wall  of  the  neural  or  posterior  perivisceral  cavity. 

The  ventral  plates  give  off  the  anterior  vertebral  pla'es,  which  proceed  from  the  middle^ germinal 
layer.  These  anterior  vertebral  plates  grow  inwards  round  the  chorda  dorsalis,  in  front  of 
which  they  unite. 

On  either  side  of  the  chorda  dorsalis,  the  portion  of  the  middle  layer  ijicluded  in  the  ventral  platei3 
swells  out  into  the  intermediate  cell  mass  or  com.7non  reproductive  cell  mass,  and  externally  to 
this  cell  mass  this  portion  of  the  middle  layer  sj^lits  into  two  divisions,  the  somatopleure  dr» 
splanchnopleure. 

(The  intermediate  cell  mass  or  common  I'eproductive  cell  mass  is  so  called  because  it 
is  comprised  between  the  portion  of  the  middle  layer  which  forms  the  vertebral  plates  and 
the  point  of  division  of  these  vertebral  plates  into  somatapleure  &  splaachnopleure,  and  because 
the  genito-urinary  glands  both  of  the  male  &  female  are  subsequently  developed  from  it.) 

The  somatapleure  divisions  join  on  either  side  with  the  outer  layer  or  ej)iblast.  Both  together  then 
bend  downwards  and  inwards  towards  the  corresponding  parts  of  the  opposite  side  with  which 
they  unite  in  the  median  line,  enclosing  the  anterior  perivisceral  or  haemal  cavity. 

The  splanchnopleure  divisions  join  on  either  side  with  the  inner  layer  or  hypoblast,  and  both  together 
develop  into  the  reviainder  of  the  thoraco-abdominal  organs.  The  splanchnopleure  forms  the  bulk  of 
the  thoraco-abdominal  organs  ;  the  internal  germinal  layer  forma  only  the  epithelial  lining  of  the 
alimentary  canal,  of  ils  glandular  appendages,  of  the  urinary  tract,  &  of  the  air  passages,  even 
this  much  being  denied  by  Reichert,  Longet  &  others  with  respect  to  the  air  passages. 

The  mode  of  closure  of  the  anterior  perivisceral  cavity  is  simple  in  the  thoraco-abdominal  region, 
and  similar  to  the  mode  of  closure  of  the  neural  cavity  behind:  -  The  external  germinal 
layer  gives  rise  in  both  cases  to  the  cuticle  &  its  appendages,  and  the  middle  germinal  layer 
to  the  true  skin,  the  bones,  muscles,  vessels,  &  peripheral  nerves; -it  takes  place  however 
much  later,  and  is  not  completed  before  birth.  -  In  the  cervico-facial  region  the  closure  ol 
the  anterior  perivisceral  cavity  takes  place  by  means  of  the  four  branchial  arches,  which  will 
be  described  with  the  development  of  the  face. 

The  limbs  are  developed  b;^simple  extension  of  the  ventral  plates,  the  middle  germinal  layer 
forming  the  bones  &  all  the  soft  parts  with  the  exception  of  the  epidermic  covering  &  its 
appendages,  which  latter  are  supplied  from  the  external  germinal  layei\  The  limbs  first 
appear  as  small  knobs  on  each  side  of  the  trunk.  As  they  extend,  they  show  traces  of  division 
into  their  respective  segments,  and  their  extremities  expand  &  flatten,  and  exhibit  indenta- 
tions which  demarcate  the  future  fingers  &  toes. 

The  space  between  the  somatopleure  &  the  splanchnopleure  becomes  the  pleuro-peritoneal  cavity. 

INFLECTION  of  the  BODY-WALL.  HEAD,  TAIL,  &  SIDE  FOLDS.  ALIM- 

ENTARY  CANAL  -  The  following  graphic  description  may  be  added  : 
In  the  earlier  stages  of  development  the  embryo  lies  flat  on  the  surface  of  the  yolk,  and  is 
■but  imperfectly  marked  off  from  the  rest  of  the  blastoderm..  Gradually,  "however,  a 
cresceutic  depression  is  formed,  which  limits  the  head :  The  blastoderm  is,  as  it  were, 
tiicked  in  under  the  head,  which  thus  comes  to  project  above  the  general  surface  of  the 
germmal  membrane.  A  similar  tuclauo:Jai  soon  takes  place  at  the  caudal  extremity,  and, 
a  little  later,  on  either  side  of  the  embryo.    The  embryo  is  thus  surrounded  by  a  kind  of  moat. 

This  moat  grows  deeper  &  deeper,  i.e.,  runs  in  further  &  further  beneath  the  embryo, 
which  comes  to  overhang  it  on  all  sides.  The  embryo  is  thus  shaped  somewhat  like  a 
canoe  turned  upside-down.  The  ends,  and  the  sides  of  the  middle  portion  of  this  canoe,  are, 
so  to  speak,  decked  in  by  the  tucking  in  of  the  blastoderm  ;  the  centre  of  the  under  surface— 
the  "  well,"  or  undecked  portion  of  the  canoe— presents  a  wide  opening,  by  which  the  body 
cavity  of  the  embryo  (to  continue  the  comparison)  communicates  with  the  cavity  of  the 
yolk-sac. 

Further  tucking  in  diminishes  the  size  of  this  communication,  and  reduces  it  finally  to  a 
minute  canal  contained  in  a  delicate  hollow  pedicle. 

The  portion  of  the  yolk-sac  included  in  the  body-cavity  forms  the  alimentary  canal,  which 
\%  first  closed  at  both  q-x\.^'s,~(  Slightly  altered  from  Foster  &=  BalfonrJ. 
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THE  APPENDAGES  of  the  EMBRYO 

Are  the  umbilical  vesicle,  amnion,  allantois,  chorion  and  placenf-a.   They  develop  simulta- 
neously or  nearly  so. 

UMBILICAL  VESICLE 

Is  the  lower  &  larger  part  of  the  blastodermic  vesicle  or  yolk  sac,  which  is  separated  at 
the  umbilicus  from  that  part,  which  has  been  enclosed  in  the  abdominal  cavity  by 
the  bending  downwards  and  the  curving  towards  each  other  of  the  ventral  plates  of 
the  embryo.    It  is  the  source  from  which  nutriment  is  first  derived  for  the  embryo. 

It  communicates  for  a  time  by  a  gradually  narrowing  canal,  the  vitelline  ducfc,  with  tho 
portion  of  the  yolk  sac,  which  is  enclosed  in  the  abdominal  cavity. 

The  vessels  which  are  early  developed  in  the  area  vasculosa  of  the  middle  germinal  layer, 
are  soon  joined  by  the  vitelline  or  omphalo -mesenteric  arteries,  which  then  spread 
out  on  the  umbilical  vesicle,  and  even,  in  the  case  of  birds  and  reptiles,  project  their 
twigs  into  its  interior ;  the  corresponding  veins  absorb,  and  convey  to  the  embryo, 
the  dissolved  nutrient  material  of  the  yolk.  These  vessels  are  also  the  media  of 
gaseous  interchanges  between  the  embryo  and  the  other  fluids  of  the  ovum. 

In  birds  and  reptiles  the  umbilical  vesicle  is  gradually  drawn  into  tho  abdomen,  its 
remains  frequently  persisting  for  a  time  as  the  vitelline  coecum,  a  short  blind  sao 
connected  with  the  small  intestine.  In  mammalia,  amphibia  &  fishes  it  is  much 
more  transitory,  but  traces  of  it  can  generally  be  found  at  birth  among  the  elements 
of  tho  umbilical  cord. 
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THE  AMNION 


Appears  as  soon  as  tlie  extremities  &  sides  of  the  embryo  begin  to  bend  downwards  and  inwards 
towards  the  centre  of  the  ovum,  and  towards  each  other.  It  is  formed  by  the  rising  np 
round  the  embryo,  in  the  shape  of  a  circular  fold,  the  amniotic  fold,  of  the  portion  of  the 
external  lay^er  jind  somatopleure,  which  surround  the  area  germinativa. 

This  fold  is  most  marted  at  first  over  the  head,  or  cephalic  flexure,  then  over  the  caudal  ex- 
tremity of  the  embryo ;  it  appears  lastly  over  the  laminte  ventrales. 

Its  edges  arch  over  the  dorsum  of  the  embi-yo,  meet,  and  unite. 

The  double  layer  of  membrane  becomes  absorbed  at  the  point  of  coalescence  of  the  edges  of  the 
amniotic  fold.  The  two  layers  of  the  fold  are  thus  separated,  the  embryo  being  separated 
at  the  same  time  from  the  outer  membrane  of  the  ovum. 

The  inner  layer  of  the  amniotic  fold  now  bounds  with  that  portion  of  the  outer  layer  of  the 
germinal  membrane,  which  covers  the  dorsum  of  the  embryo  and  forms  the  epithelial 
coating  of  its  integument,  a  closed  sac,  the  amnion. 

Fluid  is  secreted  both  within,  and  externally  to,  the  cavity  of  the  amnion ;  the  outer  layer  of  the 
amniotic  fold,  which  is  sometimes  called  the  false  amnion,  'is  thus  pressed  against  the  vitel- 
line membrane  with  which  it  soon  becomes  blended. 

The  amnion,  when  fully  developed,  is  very  similar  to  a  serous  membrane, and  maybe  described 
as  presenting  an  inner  or  visceral  layer,  and  an  outer  or  parietal  layer. 

These  two  layers  are  first  in  contact ;   but  the  serous  fluid,  or  liquor  amnii,  secreted  within  the  - 
cavity  of  the  amnion  separates  them,  and  the  whole  amnion  becomes  distended  &  enlarged. 

The  visceral  layer  of  the  amnion  curves  downwards  &  inwards  with  the  extremities  and  laminaa 
ventrales  of  the  embryo,  and  at  last  surrounds  both  the  whole  embryo  (forming  the  epi- 
thelial layer  of  its  integument)  and  the  vitelline  duct,  and,  when  it  is  formed,  the  umbilical 
cord. 

The  parietal  layer  of  the  amnion  reaches  in  time  the  surface  of  the  ovum  and  finally  lines  the 
whole  surface  of  the  allantois,  after  this  latter  has  spread  out  upon,  and  has  become  blended 
with,  the  false  amnion  &  the  vitelline  membrane. 

The  parietal  &  visceral  layers  of  the  amnion  are  now  continuous  with  each  other  over  the 
placenta  and  the  point  of  attachment  to  the  placenta  of  the  umbilical  cord. 

The  amnion  is  formed  at  first  of  a  thin  structureless  basement  membrane  lined  with  a  delicate 
squamous  epithelium ;  subsequently  it  contains  a  few  fusiform  cells. 

The  liquor  amnii  consists  of  water  holding  in  solution  from  1  to  3  per  cent,  of  solid  matter  com- 
posed of  albumen,  urea  and  uric  acid,  allantoin  &  other  extractives,  sebaceous  matter, 
epidermic  scales  &  minute  hairs  thrown  off  from  the  embryo,  and  salts,  such  as  lactate  of 
Boda  and  sulphate  &  phosphate  of  lime. 

Note  -  The  space  between  the  amnion  proper  &  the  false  amnion  is  continuous 
with  that  between  the  somatopleure  &  the  splanchnopleure,  ie.f  with'-the 
pleuro-peritoneal  cavity.  ^ 
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THE  ALLANTOIS 


Is  the  medium  by  which  the  vessels  of  the  second  fcetal  circulation  become  connected  with  the 
maternal  structures,  and  the  organ  which  serves  the  purposes  of  respiration  &  nutrition 
during  the  second  part  of  foetal  life. 

It  appears  as  a  small  mass  of  nucleated  cells  on  the  under  surface  of  the  embryo  near  its  caudal 
extremity,  and  is  derived  from  that  part  of  the  middle  &  inner  layers  of  the  area  germi- 
nativa  which  is  to  form  the  abdominal  viscera. 

It  develops  simultaneously  with  the  inte?tinal  canal,  and  is  soon  transformed  into  a  hollow 
vascular  protrusion  of  the  anterior  intestinal  wall. 

It  then  emerges  from  the  abdominal  cavity  of  the  embryo  along  the  caudal  aspect  of  the  vitel- 
line duct  &  between  the  folds  of  the  amnion  which  surround  the  pedicle  of  the  now 
decreasing  umbilical  vesicle.  It  carries  with  it  the  vessels  of  the  second  foetal  circulation, 
or  umbilical  vessels. 

The  progressive  closure  of  the  umbilicus  now  divivides  it  into  extra  &  intra-foetal  portions. 

EXTRA-FCETAL  POBTION  —  Expands  into  a  rapidly  growing  sac  or  bag. 

When  it  meets  the  outer  wall  of  the  ovum  (  which  is  now  formed  by  the  vitelline  mem. 
brane  blended  with  the  peripheral  portion  of  the  blastodermic  vesicle  or  false 
amnion),  it  flattens  out,  and  its  walls  become  applied  one  against  the  other,  so  as  to 
form  a  double  disk-shaped  membrane. 

It  then  spreads  over  the  outer  wall  of  the  ovum  forming  the  endochorlon. 

The  vessels  of  the  inner  or  deep  layer  of  the  endochorion  disappear,  those  of  outer  or 
superficial  layer  enlarge  and  become  more  and  more  numerous,  and,  in  the  case  of 
the  mammalian  ovum,  penetrate  into  the  villi  of  the  now  developed  chorion,  forming 
the  foetal  part  of  the  placenta. 

INTRA-FCETAL  PORTION  —  First  forms  part  of  the  cloaca,  or  common  outlet  of  the  di- 
gestive,  urinary  &  reproductive  tracts.  It  is  subsequently  separated  from  the 
intestinal  canal  by  a  transverse  septum,  the  perinaeum.  It  then  forms  part  of  the 
nrogenital  sinus,  which  sinus  forms  the  urinary  bladder,  and  is  finally  modified 
inferiorly  according  to  sex,  while  superiorly  it  contracts  into  a  fibrous  cord,  the 
ureichus. 
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THE3  CHORION 


Is  the  outer  membrane  of  the  fully  evolved  impregnated  ovum.  ^  Let  us  trace  its  deyelopment* 

The  first  covering  of  tl^e  ovunj  was  the  mtefline  me/ndrane. 

The  germinal  or  blastodermic  membrane  appeared  on  the  inner  surface  of  this  mem- 
brane directly  after  the  segmentation  of  the  yolk.  —  This  blastodermic  membrane  divided 
into  three  layers  in  the  extent  of  the  area  germinativa.  The  two  inner  ones  formed  the 
embryo  &  the  umbilical  vesicle.  The  outer  one  f  rose  up  around  the  embryo  in  the  shape  of  a 
circular  fold  or  hollow  process,  the  amniotic  fold,  and  formed  on  the  one  hand  the  amnion 
p-oper^  on  the  other  hand  the  false  ajnnion.  This  false  amuion  became  blended  with  thg 
vitelline  membrane. 

The  outer  membrane  of  the  ovum  is  u.ow  formed  externally  by  the  vitelline  membrane^  internally 
by  the  Jalse  amnion. 

The  allantois  now  emerges  from  the  embryo.    It  pushes  its  way  between  the  folds  of 
the  amnion  proper,  which  surround  the  pedicle  of  the  decreasing  umbilical  vesicle,  and 
spreads  out  between  the  a?nmon  proper  &  the  false  amnion^  with  the  latter  of  which  it  soon 
becomes  blended. 
The  outer  membrane  of  the  ovum  is  now  the  chorion. 

The  recently  formed  chorion  consists  therefore  from  without  inwards  of  the  vitelline  membrane^  thg 
false  amnion  &  the  allantois. 

The  vitelline  membrane  &  the  false  amnion  soon  disappear  for  the  former  never  was  a  vascular 
ptructure,  and  the  latter  ceased  to  have  any  vessels  of  its  own  as  soon  as  it  became  sepa- 
rated from  the  portion  of  the  blastodermic  vesicle  which  formed  the  amnion  proper. 

The  definite  chorion  is  soon  formed  therefore  by  the  allantois  only, 

(twith  the  peripheral  portion  of  the  somatopleurc.) 


P. 
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CHANGES  in  the  OUTER  MEMBBANE  of  the  OVUM. 


Tlio  villi  hegin  to  appear  all  over  the  ovum  as  soon  as  the  ovum  enters  the  uterus  and  the  allantoia 

emerges  from  the  embryo. 
They  are  at  first  Liifc  viinute  structureless  projections  of  the  vitelline  membrane,  bnt  when  the 

allantois  has  reached  the  surface  of  the  ovum,  allantoic  vessels  in  the  shape  of 

looJ>s  are  hollowed  out  into  their  substance. 
They  soon  disappear  over  the  tvv'o-thirds  of  the  surface  of  the  ovum  corresponding  to  the  dorsum 

of  the  embryo. 

Over  the  remaining  third,  that  is  to  say  over  the  site  of  the  future  placenta^  they  divide  and  ramify 
by  a  process  of  budding  or  sprouting,  and  soon  consist  of  a  narrow  stem  or  pedicle  giving 
off  a  multitude  of  secondary  &  tertiary  branches  of  varying  size  &  figure,  all  of  which 
contain  a  capillary  loop. 

The  vitelline  membrane  &  the  false  amnion  having  disappeared^  as  above  explained,  the  per- 
sistent villi  are  soon  formed  by  the  allantois  only.  They  are  then  properly  the  villi  of  the 
ch.orion.  vj 

The  tufted  villi  of  the  chorion  dip  into  the  substance  of  the  decidua^  and  go  on  increasing  in  size 
till  they  finally  constitute  the  ftetal part  of  the  placenta. 
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THE  DEOIDUA 


Is  tlio  mucous  inevihrane  of  ihe  body  of  the  uterus  altered  through  impregnation. 

Shortly  after  impregnation  tlie  mucous  membrane  of  the  uterus  becomes  thich,  soft  &>  vascular. 
Its  glands  greatly  increase  in  size,  and  pour  out  abundantly  into  the  cavity  of  the  uterus  a 
special  albuminous  fluid  rich  in  nucleated  cells  and  destined  to  be  absorbed  by  the  villi  of 
the  ovum. 

When  the  ovum  emerges  from  the  Fallopian  tube  into  the  cavity  of  the  uterus,  it  first  floats  iu 
this  fluid.  ; 
It  then  becomes  imbedded  in  the  decidua. 
The  decidua  now  divides  into  three  portions  : 

The  DECIDUA  REFLEXA  rises  up  round  the  ovum  and  gradually  incloses  it  in  a  small 
mucous  cavity  which  communicates  for  a  time  with  the  general  cavity  of  the  uterus  by  a 
minute  opening,  the  decidual  umbilicus. 

The  DECIDUA  SEROTINA  is  the  portion  of  the  decidua  comprised  between  the  ovum 
&  the  wall  of  the  uterus.    It  soon  develops  into  the  maternal  part  of  the  placenta. 

The  DECIDUA  VERA  is  the  portion  of  the  decidua  which  lines  the  general  cavity  of 
ihe  uterus. 

Aa  the  ovum  increases  in  size  the  decidua  reflexa  &  the  decidua  vera  gradually  come  in  contact, 
and  unite  so  as  to  form  one  membrane. 
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THE  PLACENTA  &  UMBILICAL  COED. 


The  placenta  is  a  discsliapei  thiokening  of  the  membranes  of  the  ovum  adherent  to  the  uterus 

usually  at  its  upper  part. 
Its  free  or  foetal  surface  gives  attachment  to  the  umbilical  cord  usually  near  its  centre,  and 

presents  the  prominent  diverging  &  converging  branches  of  the  umbilical  arteries  &  vein. 

It  is  covered  by  the  parietal  layer  of  the  amnion. 
Its  uterine  surface,  after  it  has  become  detached  in  parturition,  is  shaggy  or  velvety  in  appear* 

ance,  and  presents  the  vascular  tufts  or  villi  of  the  chorion. 
The  placenta  is  formed  by  the  interlacing  of  the  vessels  of  the  chorion  &  of  the  deoidua  sero. 

tina. 

On  the  one  hand  the  villi  of  the  chorion  with  their  allantoic  vessels  dip  into,  and  ramify  with- 
in, the  substance  of  the  decidua  serotina. 

On  the  other  hand  the  vessels  of  the  decidua  serotina  multiply  &  enlarge  to  an  almost  incre- 
dible extent.  They  at  first  surround  the  villi  with  rich  capillary  networks,  but  dilating 
and  fusing  with  each  other,  they  soon  lose  entirely  their  capillary  character,  and  are 
transformed  into  real  sinuses.  These  sinuses  are  first  developed  towards  the  deep  or 
uterine  surface  of  the  decidua,  where  they  communicate  with  the  vessels  of  the  uterus  by 
large  and  obliquely  disposed  openings ;  they  grow  upwards,  and  insinuate  themselves  be- 
tween the  branches  of  every  one  of  the  villi  of  the  chorion. 

All  other  structures  but  vessels  have  now  disappeared  from  the  placenta,  so  excessive  is  the 
vascular  development :  —  The  allantoic  capillary  loop  was  surrounded  by  the  structures 
of  the  villus,  viz.,  a  layer  of  cells  &  basement  membrane.  The  decidual  capillaries  were 
surrounded  by  the  cellular  structures  of  the  hypertrophied  decidua.  In  the  fully  deve- 
loped  placenta  the  vessels  of  the  foetus  literally  dip  into  the  maternal  sinuses,  a  single 
membrane,  the  blended  walls  of  the  foetal  &  maternal  vessels,  intervening  between  the 
two  vascular  systems. 

The  umbilical  cord  extends  usually  from  the  centre  of  the  free  surface  of  the  placenta  to  the 
foetal  umbilicus. 

It  consists  of  two  umbilical  arteries  &  one  umbilical  vein,  which  are  embedded  in  soft  mucous 
connective  tissue,  the  modified  remains  of  the  allantois,  and  surrounded  by  a  tubular  pro- 
cess of  the  amnion.  The  vestiges  of  the  umbilical  vesicle  with  its  vitelline  duct  &  omphalo- 
mesenteric  vessels  may  sometimes  be  discovered  among  the  structures  of  the  cord, 
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jBerminal  Vesicle,  Segmentation  Granules,  Blastides,  Embryo-Cell. 

The  following  additional  facts  now  appear  pretty  cleai-ly  made  out :  - 

Through  the  contraction  of  the  yolk,  the  germinal  vesicle  is  squeezed  into  the  space  between  the 
yolk  and  the  vitelline  membrane  either  before,  at  the  time  of,  or  a  little  after,  the  escape  of 
the  ovum  from  the  Graafian  vesicle,  i.e.^  usually  before,  and  therefore  independently  of,  fecun- 
dation. Here  the  germinal  vesicle  breaks  down  and  disappears^  and  its  contents  are 
dispersed. 

Soon  after  fecundation  there  appear  in  the  space  above  mentioned  one,  two,  or  three  small 
hyaline  and  highly  refracting  spherules,  sometimes  called  segmentation  gramdes.  These 
remain  visible  during  the  early  stages  of  segmentation,  and  then  disappear.  Their  origin 
&  destination  are  unknown. 

The  tei'm  blastides  has  been  applied  to  the  multiplying  nuclei  of  the  segmentation  masses.  But 
whether  these  blastides  precede,  or  are  the  result  of,  each  act  of  segmentation,  and  in  what 
way  they  are  related  to  each  other,  is  still  unknown.  A  serious  doubt  has  therefore  been 
raised  respecting  the  statements  which  were  made  about  the  cfubryo-cell. 

i;g!yQySr  &  th  Layer  of  the  Blastoderm. 

The  upper  or  outer  of  the  two  primitive  layers  of  the  blastoderm  is  made  up  of  small  prismatic 

cells,  closely  packed,  and  presenting  a  large  &  distinct  nucleus. 
The  lower  or  inner  layer  is  made  up  of  larger,  more  rounded,  and  more  granular  cells  scattered, 
in  reticular  groups,  the  nuclei  of  which  cells  are  less  easily  perceived.    Subsequently  these 
cells  become  a  little  more  closely  packed,  and  somewhat  flattened. 
The  mode  of  formation  of  the  middle  layer  fs  still  a  disputed  point.    Among  the  more  modern 
views  are  the  following  :  - 

It  is  derived  from  the  upper  layer  (Kolliker). 
It  is  derived  from  the  lower  layer  (Eemak). 
It  is  derived  from  both  layers  (His) . 

It  is  a  product  of  the  secondary  segjnentation,  which  takes  place  below  the  lower 
layer;  and  the  larger  cells  thus  formed  migrate  to  their  final  position  between  the  upper  & 
lower  layers  by  passing  round  the  margin  of  the  loiver  layer  (Strieker,  Klein,  and  most  of  the 
Embryologists  of  the  Vicniiese  School),  by  passing  through  th;  lower  layer  (a  few  of  the 
Embryologists  of  the  same  School). 

It  is  derived  partly  from  cells  included  from  the  first  between  the  two  primitive  layers, 
and  partly  from  cells  of  new  formaticfn,  as  above  explained  (Balfour). 
Directly  after  its  formation,  the  middle  layer  begins  to  thicken  by  a  process  of  cell-multiplication. 

Secondary  Segmentation. 

This  is  a  secondary  process  of  cell  formation  which,  at  least  in  the  meroblastic  ovum,  continues 
for  a  considerable  time  both  around  the  margins  of  the  pr-imitively  limited  blastoderm,  and 
beneath  it,  between  it  and  the  food-yolk,  in  what  is  sometimes  called  the  siib-germinal 
cavity.  It  is  by  this  secondary  segmentation  that  the  blastoderm  of  the  meroblastic  ovum 
is  extended  little  by  little  all  over  the  yolk  (Balfoui',  Ray  Lankester,  Goette).  Its  supposed 
connection  with  the  formation  of  the  middle  layer  has  just  been  described. 

Partial^  Segmentation  of  ITnfecundated  Ova. 

Segmentation  is  not  absolutely  confined  to  fecundated  ova.  But  in  unfecundated  ova,  especially  in 
those  of  the  higher  vertebrates,  the  process  is  irregular  and  imperfect,  and  never  results  in 
the  formation  of  a  continuous  blastoderm.  This  attempt  at  a  segmentation  raises  however 
the  question,  whether  the  process  is  originated  by  the  rupture  of  the  germinal  vesicle  and 
the  dispersion  of  its  contents.  ~  ' 
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Primitive  Trace  or  Groove. 

From  the  recent  researches  of  Balfour  &  Hensen  it  appears  desirable  to  make  a  distinction 
between  the  primitive  trace  and  the  jirimitive  groove. 

The  primitive  trace  is  a  mesial  thickening  of  the  epiblast  &  mesoblast,  which  precedes  the  appear- 
ance  of  the  primitive  groove. 

It  would  further  appear  that  the  primitive  groove  is  partially  replaced,  as  follows,  by  another 
groove,  the  medullary groove^io  which  the  current  statements  with  reference  to  the  primitive 
groove  more  accurately  apply  :  -  The  primitive  groove  appears  only  in  the  narrow  posterior 
part  of  the  area  pellucida,  and  it  soon  becomes  shallow  and  faint  ia  outline.  In  the  broad 
anterior  part  of  the  area,  in  front  of  the  primitive  groove,  and  in  the  line  of  its  anterior 
prolongation,  there  then  appears  this  other  groove,  the  medullary  groove.  This  medullary 
groove  extends  itself  backwards  into  the  //-///////W  groove,  which  it  expands,  dilates,  and 
deepens. 

Chorda  Dorsalis  -  For  further  particulars  see  page  172. 


Walls  of  the  Umbilical  Vesicle. 

After  the  complete  development  of  the  three  layers  of  the  blastoderm,  the  walls  of  the  umbilical 
vesicle  are  formed  by  all  these  three  layers.  They  remain  so  formed  in  amphibia  & 
fishes,  which  have  neither  amnion  nor  allantois. 

In  reptiles,  birds,  &  mammals,  both  the  production  of  the  amnion  with  the  dependent  pleuro- 
peritoneal  space,  and  also  subsequently  the  expansion  of  the  Allantois,  entirely  separate 
the  ^epiblast  and  the  outer  half  of  the  mesoblast  (Somatopleure)  from  the  inner 
half  of  the  same  (Sphanchnopleure)  &  from  the  hypoblast.  The  sphanchnopleure  &  the 
hypoblast  remain  therefore  alone  as  the  pcrm'atient  constituents  of  tho  wall  of  the  yolk-sac. 
Through  these,  the  wall  of  the  yolk-sac  is  continuous  with  the  wall  of  the  intestine. 
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Amnion  &  Allantois. 

It  is  through  the  mesoblastic  elements  which  they  oontaiu  that  the  two  are  both  vascular  & 
contractile.  With  regard  to  the  false  amnion,  however,  its  vascularity  ceases — as  does  also, 
necessarily,  its  muscularity — at  its  point  of  separation  from  the  true  amnion. 

It  is  the  outer  layer  of  the  true  amnion,  and  the  outer  layer  of  the  allantois,  i.e.^  the  layers  by 
which  they  come  in  contact,  that  are  vascular  &  contractile. 

In  the  case  of  the  allantois,  and  especially  in  man,  the  degree  of  expansion  of  the  inner  or 
epithelial  layer,  and  the  degree  of  expansion  of  the  outer  or  vascular  layer,  are  not  co- 
equal.  The  sac  formed  by  the  inner  or  epithelial  layer — that  which  receives  the  fluid  secreted 
by  the  temporary  &  by  the  permanent  kidnies — ceases  to  expand  as  soon  as  the  allantois 
as  a  whole  has  reached  the  outer  wall  of  the  ovum.  It  is  only  the  outer  layer  of  the  allantois, 
that  extends  over  the  ovum  and  enters  into  the  formation  of  the  chorion  &  placenta. 

The  space  between  the  amnion  proper  &  the  false  amnion  is  continuous  with  that  between 
the  somatopleuro  &  the  spanchnopleure,  i.e.^  with  the  pleuro-peritoneal  cavity. 


Villi,— Origin  of  the  Chorion. 

From  Kolliker's  investigations  it  would  appear  that  the  simple  villi  are  from  the  first,  or  at  least 
from  a  very  early  date,  both  tubular  in  foi-m  and  cellular  in  structure,  and  that  they  are  derived 
therefore  from  the  epiblast,  and  not  from  the  vitelline  membrane,  which  is  structureless.  Hence 
it  would  seem  that  the  false  amnion  does  not  disappear  from  off  the  surface  of  the  allantois,  but 
that,  on  the  contrary,  it  combines  with  it,  and  enters  with  it  into  the  structure  of  the  chorion. 
The  choi'ion  contains,  therefore,  both  epiblastic  &  mesoblastic  elements. 

Placenta. 

The  uterine  blood-passages,  or  sinuses,  are  irregular  spaces  into  which  the  maternal  blood  is 
poured  directly  by  numerous  small  coiled  arteries  :  -  fluid  injected  into  the  uterine  arteries  at 
once  distends  the  sinuses,  and  everywhere  sui'rounds  the  villi.  The  large  &  obliquely  disposed 
veins,  or  iitej-o-placetital vehzs,  by  which  the  blood  returns  from  the  placenta,  are  most  abundant 
towards  the  circumference  of  the  placenta,  where  they  blend,  in  fact,  into  the  so-called 
circular  vein,  or  circular  sinus. 


Synopsis  of  the  Evolution  of  the  Extra-Foetal  Portion  of  the  Blastoderm. 

1  -  The  Epiblast  forma  the  outer  layer  of  the  yolk  sac,  the  outer  layer  of  the  outer  fold  and 
the  inner  layer  of  the  inner  fold  of  the  nmmotio -process,  -  therefore  the  inner  layer  of  the 
true  amnion,  when  the  latter  has  become  separated  from  the  false  amnion,  -  and  probably 
also  the  outer  layer  of  the  chorion  (Y.  Above). 

2  -  The  Hypoblast  forma  the  inner  layer  of  the  yolk  sac  &  timbilical  vesicle,  and  the  inner 
layer  of  the  allantois. 

3  -  The  Mesoblast  forma  the  niiddleoxvascular  layer  oi  the  yolk  sac  (This  layer  is  the  same 
2j^yfh^t\ieoovc^e'&'<^i.e  outer  layer  of tfie  umbilical  vesicle,y^hevi  the  latter  vesicle  becomes  separated 
from  the  outer  wall  of  the  omm)  ;  outer  or  vascular  layers  of  the  amnion  allantois  ;  the 
vascular  layer  of  the  chorion  (This  layer  is  probably  the  inner  layer,  the  outer  layer  being 
formed  by  the  epiblast  (V.  Above) ;  the  fcetal  portion  of  the  placenta. 
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DEVELOPMENT  of  the  ORGANS. -1st  Tablet. 


Is  the  result  of  the  evolution  of  the  foetal  portiou  of  the  three  layers  of  the  blastoderm. 

Of  this  evolution,  two  views  are  taken  which  differ  as  follows  in  respect  of  Vae  pharynx,  cesopha^us^ 
and  respiraioTy  tracts  namely,  as  regards  (l)-the  source  from  which  their  epithelial  lining \^ 
derived  (Vide  below),  and  (2)-their  connection  with  the  remainder  of  the  alimentary  canal 

(Vide  Next  Tablet). 

THE  OLDER  VIEW  :  - 

The  upper,  or  outer  layer,  or  epiblast,  gives  rise  to 

Epidermis      its  appendages ; 

Cerebrospinal  nerve-centres^  and  essential  parts  of  the  ear,  eye,  &^  nose; 
Epithelium  of  mouth,  nares,  pharynx,  (esophagus,  &  respirator r  tract. 

The  under,  or  inner  layer,  or  hypoblast,  gives  rise  to 

Epitheliu7n  of  abdominal  portion  of  alimentary  canal,  urinary  bladder,  and 

glands  which  open  into  these  parts. 
The  middle,  or  vascular  layei',  or  mesoblast,  gives  rise  to 

All  the  rest  of  the  body. 


THE  MORE  MODERN  VIEW :  - 


The  upper,  or  outer  layer,  or  epiblast  gives  rise  to 

Epidermis      its  appendages ; 

Cerebrospinal  nervccentres,  and  essential  parts  of  the  ear,  eye,  &*  nose. 
Epithelium  ^MOUXH  ^  nares. 

The  under,  or  inner  layer,  or  hypoblast,  gives  rise  to 

Epithelium  of  'vvhole  alimentary  canal  (the  mouth  excepted),  respiratory  tract, 
■urinary  bladder,  and  glands  which  open  into  these  parts. 
The  middle,  or  vascular  layer,  or  mesoblast,  gives  rise  to 

All  the  rest  of  the  body. 


DEVELOPMENT  of  the  ORGANS~2nd  Tablet. 
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THE  TWO  VIEWS  CONTINUED, 

According  to  the  older  view,  the  epithelium  of  the  pharynx,  {Desophagns,  &  respiratory  tract 
is  derived,  in  common  with  that  of  the  mouth  &  nose,  from  the  epihlast  ;  according  to  the 
more  modern  view,  the  epithelium  of  these  parts  is  derived,  in  common  with  that  of  the 
whole  alimentary  canal,  except  the  mouth,  from  the  hypoblast.  And  these  two  views 
regarding  the  epithelium  of  these  parts  are  in.  harmony  with  the  two  corresponding 
views  regarding  the  connexion  of  the  otlier  strata  of  the  walls  of  these  parts  with  the  re- 
mainder of  the  alimentary  canal,  i.e.y  regarding  the  portion  of  the  mesoblast  from  which 
these  other  strata  are  derived  :  -  According  to  the  older  view,  the  pharynx,  cesophagns, 
and  respiratory  tract  are  formed  as  a  prolongation  backwards  of  the  cavity  of  the  mouth; 
according  to  the  more  modern  view,  they  are  a  part  of  the  intestinal  portion  of  th^ 
alimentary  canal. 

BEMAKKS  on  the  TWO  VIEWS. 

Two  things  are  clear  :  - 

1.  That  the  abdominal,  i.e.,  intestinal  portion  of  the  alimentary  canal 
results  from  the  involution  of  a  portion  of  yolk-sac,  and  that  it  is  derived  there- 
fore from  the  hypoblast  and  from  the  splanchnopleiire  division  of  the  meso- 
blast; 

2.  That  the  Cephalic  Portion  of  the  alimentary  canal,  i.e..  The  Month,  is 
formed  independently,  as  an  involution  of  the  epiblast  (integument  of  the 
face). 

But  the  question  may  still  he  asked,  Whence  are  derived  the  intermediate 
portions  of  the  alimentary  canal,  i.e.,  the  Thoracic  or  Oesophageal,  and  the  Cerv- 
ical or  Pharyngeal?  Are  they  a  part  of  the  primitive  alimentary,  or  intestinal, 
canal,  i.e.,  a  part  of  the  involuted  yolk-sac  ?  Or  do  they  result  from  a  subse- 
quent prolongation  forwards  of  the  intestinal  canal  ?  Or  do  they  result  from  a 
prolongation  backwards  of  the  cavity  of  the  mouth  ?  And,  since  the  Respiratory 
Tract  is  developed  as  an  involution  of  the  anterior  wall  of  the  pharynx,  the 
further  question  may  be  asked.  From  whence  is  the  Respiratory  Tract  derived, 
from  the  intestinal  canal,  or  from  the  mouth  ?  From  which  primary  source 
is  the  epithelium  of  these  parts  derived,  from  the  hypoblast,  or  from  the  epiblast  ? 

Notwithstanding  the  high  authority  of  Messrs.  Foster  &  Balfour,  the 
Author  supported  in  his  fii-st  edition  the  view  taken  by  his  old  Masters, 
Coste  &  Longet,  i.e.,  the  one  given  in  the  foregoing  Tablet  under  the  heading 
*'  The  Older  View." 

He  did  so  for  the  following  reasons  :  -  (1)  There  being  neither  thorax 
nor  neck  in  the  early  condition  of  the  embryo,  he  did  not  see  how  the  oeso- 
phagus &  pharynx  coiald  be  formed  at  so  early  a  date  as  they  apparently  must 
be,  if  the  more  modern  view  be  correct.  (2)  The  sudden  transition  at  the 
cardia  from  the  thick,  opaque,  &  squamous  epithelium  of  the  pharynx  & 
oesophagus  to  the  thin,  soft,  transparent,  and  columnar  epithelium  of  the 
remainder  of  the  alimentary  canal,  appeared  to  him  confirmative  evidence 
of  the  view  of  the  different  origin  of  these  parts,  as  did  also  the  investment  of 
the  latter  parts  by  serous  membrane  as  opposed  to  the  non-invcstmeut  of  the 
former,  and  also  the  formation  in  front  of  these  former  parts,  and  evidently 
from  mesoblastic  elements,  of  organs  (hcai-t,  trachea,  bronchi,  large  vessels, 
thymus  gland)  to  which  nothing  corresponds  in  front  of  the  latter  parts. 

Desiring,  however,  that  this  work  should  be  marked  by  the  record  of 
established  facts  rather  than  by  argumentation,  and  further  recognising  the 
import  of  the  better  description  of  the  peritoneum  as  given  of  late  by  Messrs. 
Foster  &  Balfour,  and  also,  on  the  other  hand,  the  undesirability  of  resting 
any  definite  significance  on  the  mere  circumstance  of  a  change  of  epithelium,  the 
Author  here  drops  the  question  in  dispute,  and  respectfully  submits  his  former 
&  still  somewhat  favourite  views  to  those  of  his  more  competent  seniors  :  -  The 
following  Tablets  have  been  altered  to  the  above  effect. 
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DEVELOPMENT  of  the  NERVE-CENTRES. 


DEVELOPMENT  of  the  BRAIN. 

The  cephalic  end  of  the  primitive  tube  of  nei'vous  substance  (Y.  General  Development  of  the 
Embryo)  soon  presents  three  hollow  dilatations  or  vesicles,  the  anterior,  middle  &  pos- 
terior primary  cerebral  vesicles,  of  which  the  middle  one  is  the  largest. 

These  three  dilatations  are  at  first  in  a  line  one  behind  the  other. 

As  the  extremities  of  the  embryo  curve  downwards  towards  the  centre  of  the  ovum,  so  does  the 
cerebro-spinal  axis,  the  curve  of  the  cephalic  end  being  most  marked  between  the  an- 
terior &  the  middle  cerebral  vesicles  and  between  the  future  cord  &  the  posterior  cere- 
bral vesicle,  in  which  latter  situation  it  gives  rise  to  the  cervical  tuberosity. 

Posterior  Cerebral  Vesicle  -  Soon  becomes  larger  than  the  middle  one,  and  forma 
in  its  posterior  part,  or  metencephalon,  the  medulla  oblongata,  and  in  its  anterior 
part,  or  epencephalon,  the  cerebellum,  the  pons  &  the  cerebellar  peduncles. 

The  portion  of  the  primitive  nervous  tube  which  forms  the  medulla  oblongata 
does  not  close  behind,  the  margins  of  the  aperture  forming  the  diverging  resti- 
form  bodies  and  exposing  the  floor  of  the  4th  ventricle. 

The  cerebellum  is  at  first  a  thin  transverse  plate  which  forms  the  median 
lobe  or  vermiform  process  only.  The  lateral  hemispheres  appear  subsequently 
in  mammalia  &  birds;  they  do  not  appear  at  all  in  reptiles  &  fishes. 

Inliddle  Cerebral  Vesicle  -  Grows  more  slowly  than  the  others,  &  is  soon  the  smallest. 

On  its  dorsal  aspect  it  forms  the  corpora  quadrigemina,  which  remain  perman- 
ently hollow  in  birds.  The  central  cavity  comprised  between  these  parts  shrinks 
into  the  aqueduct  of  Sylvius.  -  On  its  under  surface  it  develops  into  the  pe- 
duncles of  the  cerebrum. 

Anterior  Cerebral  Vesicle  -  is  at  first  smaller  though  broader  than  the  middle 
vesicle,  but  it  soon  becomes  by  far  the  largest  of  the  three.  In  its  posterior  part, 
or  diencephalon,  it  forms  the  optic  thalami,  which  are  separated  by  a  longitudi- 
nal groove,  the  future  3rd  ventricle,  and  from  the  outer  surface  of  which  two 
flask-shaped  outgrowths,  the  primary  optic  vesicles,  are  seen  to  arise.  In  its 
anterior  part,  or  prosencephalon,  it  forms  the  corpora  striata,  the  cerebral  hem- 
ispheres with  the  commissural  fibres  of  the  corpus  callosum,  the  fornix,  and  the 
septum  lucidum. 

The  hemispheres  develop  rapidly  from  before  backwards,  overlapping  the 
optic  thalami  and,  in  the  higher  vertebrata,  the  corpora  quadrigemina  &  the 
cerebellum.  At  first  they  are  thin  &  smooth  and  enclose  a  large  cavity,  the 
lateral  ventricle,  but  this  cavity  is  soon  diminished  by  the  thickening  of  its  walls, 
which  walls  become  divided  externally  by  primary  fissures  into  lobes  and  by 
sulci  into  convolutions. 

The  transverse  commissural  fibres  of  the  corpus  callosum  multiply  and 
extend  from  before  backwards,  as  do  the  hemispheres,  and  close  in  the  lateral 
ventricles. 

From  the  under  surface  of  each  anterior  lobe  a  hollow  process  passes  for- 
wards, and  forms  the  olfactory  lobes  which  remain  hollow  in  some  animals, 

DEVELOPMENT  of  the  SPINAL  CORD. 

The  central  and  caudal  portions  of  the  cerebro- spinal  axis  form  the  spinal  cord.  This  con- 
sists at  first  of  a  central  canal  bounded  by  a  surrounding  layer  of  nucleated  cells.  The 
most  central  of  these  cells  form  an  epithelial  lining,  the  ependyma  j  the  more  peripheral 
ones  develop  chiefly  into  the  central  grey  substance,  the  white  substance  being  formed 
subsequently.  -  The  cord  extends  at  first  throughout  the  whole  vertebral  canal,  but  it 
,  grows  less  rapidly  than  the  canal  itself,  wherefore,  the  roots  of  the  spinal  nerves  being 
joined  to  the  cord,  the  cauda  equina  is  progressively  formed.  The  central  canal  of  the 
cord  persists  through  lifoj  but  its  diameter  is  reduced  to  1-lOOth  of  an  inch. 
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Brain  &  Cord. 

Onefurtlier  point  of  interest  should  be  noted  with  respect  to  both  brain  and  cord :  -  The  primi- 
tive tube  of  nervous  substance  appears  to  result  from  the  involutiou,  not  of  the  pri7)iitivs 
groove  only,  as  was  believed  up  till  very  lately,  but  rather  of  the  ;primitive  6^  medullary 
grooves  fused  into  one  (Tide  Appendix,  page  1-7,  128,  129a.) 

Cord. 

The  morphological  changes  both  of  the  central  canal  and  of  the  central  grey  &  peripheial  white 
substances,  and,  on  the  other  hand,  the  mode  of  formation  of  the  roots  of  the  nerves,  ganglia, 
and  commissures,  have  recently  been  investigated,  the  former  subjects  by  Lockhart  Clarke, 
and  the  latter  by  Balfour.    The  following  are  the  results  of  these  investigations  :  - 

The  grey  niaiter  thickens  greatly  in  either  lateral  half  of  the  cord,  and  compresses  the 
central  canal  so  that  the  latter  assumes  the  form  of  an  antero-posterior  slit.  The  grey 
masses  of  either  side  then  unite  opposite  the  centre  of  the  canal,  the  caaal  being  thus  divided 
into  an  anterior  part,  which  becomes  the  permanent  central  canal ^  and  a  posterior  part,  which 
latter,  receiving  a  septum  of  connective  tissue,  becomes  the  posterior  median  fissui-e. 

The  white  siihstance^  which  is  formed  subsequently,  accumulates  mainly  at  first  in  the  sit- 
uation of  the  anterior  columns;  and,  these  columns  coming  to  project  more  &  more,  a 
groove,  the  gradually  deepening  anterior  median  fissure,  becomes  formed  between  them.  - 
Towards  the  caudal  extremity,  the  central  canal  remains  open  behind  for  a  considerable  time, 
forming  a  lozenge-shaped  dilatation,  the  rJiomboidal  sinuSy  which  is  persistent  in  birds. 

It  was  generally  admitted  up  till  very  lately  (1)  that  the  spinal  ganglia  6^  the  roofs  of  the 
spinal  nerves  are  developed  independently  of  the  cord,  from  the  same  parts  as,  and  just  in  front  of, 
the  lamina  and  processes  of  the  vertebra  and  the  posterior  end  of  the  rib  formed  imme- 
diately behind  them,  from  the  anterior  cr*  outer  part  of  a  re-segjiieitfed  protovertebra  (Y. 
Skeletal  Matrix,  2d  &  3d  Tablets) ;  and  (2)  that  they  are  subsequently  joined  to  the  cord. 
Balfour's  researches  in  the  Elasmo-branch  fishes  (Sciliium  &  Torpedo)  appear  however  to 
show  that  these  parts  are  developed  as  involuted  outgrowths  of  the  epiblast  of  the  neural  canal. 
The  posterior  outgrowth,  that  which  forms  the  posterior  root  &  the  ganglion,  is  the  first 
formed  j  it  springs  from  near  the  posterior  median  fissure,  but  its  point  of  attachment  to  the 
cord  subsequently  moves  outwards.  The  anterior  outgrowth  springs  from  near  the  place  of 
its  permanent  attachment.  The  two  outgrowths  join  one  with  the  other  beyond  the  situa- 
tion of  the  ganglion. 

The  fibres  of  the  roots  pass  into  and  through  the  grey  substance,  and,  crossing  to  the 
opposite  side  in  front  of  the  central  canal,  differentiate  the  anterior  or  white  commissure 
from  the  posterior  or  grey  one. 
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Dr.  Allen  Thomson's  Pgggy^tigg^of  ^t^^^  of  the  Face. 

The  History  of  the  Development  of  the  Face  &  Neck  is  always  more  or  less  complicated  by  the 
different  names  which  are  given  to  each  of  the  several  arches,  and  by  the  different  modes 
adopted  for  counting  them,  A  parallel  between]  the  description  given  in  the  Tablets 
and  that  given  by  Prof.  Allen  Thomson  in  the  8th  Edition  of  Quain's  Anatomy  (pages  738  to 
740)  will,  it  is  believed,  facilitate  the  study  of  this  important  subject  in  the  above  im- 
portant and  most  remarkable  treatise. 

In  Dr.  Thomson's  description,  the  frontal  process  and  the  four  arches  are  first 
divided  into  two  preoral^  and four  postoral  arches,  bars,  or  plates ;  the  total  number,  six,  being 
obtained  by  counting  the  upper  &  lower  processes  of  our  1st  arch  separately,  -  the  upper 
process  as  belonging  to  the  preoral  set,  the  lower  one  to  the  postoral  set.  The  first  or  superior 
branchial  cleft,  or  maxillary  cleft,  is  further  separated  from  the  others  as  the  great  buccal 
aperture ;  this  reduces  the  number  of  the  clefts  between  the  arches  to  three,  instead  of  four. 

The  two  preoral  arches,  i.e.,  our  frontal  process  &  the  upper  of  the  two  processes  of 
our  first  arch,  are  divided  into  deep  &  superficial  parts. 

In  its  deeper  part,-  the  frontal  process  is  designated  the  premaxillary  process,  and  its 
connection  is  described  with  the  Traheculce  Basis  Cranii  of  Rathke  (V.  Development  of  the 
Bones).  In  its  more  superficial  part,  this  process  is  designated  the  fronto-nasal  plate,  and  the 
two  offsets  for  tho  alee  nasi  are  called  the  external  nasal  processes,  or  the  lateral  or  external 
nasal  plates. 

In  its  deeper  part,  the  superior  process  of  our  1st  arch  is  designated  the  pterygo. 
palatine  arch.  In  its  more  superficial  part  it  is  called  the  superior  maxillary  process,  or  the 
maxillary  plate. 

Each  of  these  two  processes  being  then  referred  to  as  a  whole,  the  terms  used  are 
respectively  the  middle  external  nasal,  and  the  superior  maxillary ;  the  upper  &  deeper 
parts  of  the  frontal  process,  or  the  trabeculee  basis  cranii,  being  further  referred  to  as  the 
subcranial  plates. 

The  first  of  the  postoral  set  of  arches,  bars,  or  plates,  is  the  lower  process  of  our  1st 
arch,  which  is  called  the  mandibular,  or  inferior  maxillary,  or  first  postoral  arch.  The  cleft 
behind  this,  i.e.,  our  second  branchial  cleft,  is  called  the  first  postural  cleft,  or  tympano-Eusta' 
chian  cleft  or  canal. 

Our  second  branchial  arch  similarly  becomes  the  second  postoral  bar,  further  called  the 
second  or  Hyoid  arch.  Similarly  also  does  our  third  branchial  cleft  become  the  second 
postoral  cleft,  which  is  further  designated  as  the  first  true  water  passage. 

The  arch  behind  this,  i.e.,  our  third  branchial  arch,  is  the  third  postoral  arch,  or 
ihyro-hyoid  arch,  which  "  corresponds  with  the  first  true  branchial  arch  of  amphibia  &  fishes." 
Our  fourth  branchial  cleft  becomes  Dr.  Thomson's  third  postoral  cleft. 

Our  fourth  arch  is  Dr.  Thomson's  fourth  postoral,  or  suh-hyoid,  or  cervical  arch.  Finally 
Dr.  Thomson's  fotcrth  postoral  cleft  is  the  slight  notch  below  or  behind  the  sub-hyoid  arch, 
which,  if  designated  numerically,  would  be  our  fifth  branchial  cleft. 
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DEVELOPMENT  of  the  FACE  &  NECK. 


Tlie  cephalic  extremity  of  the  emhryo  being  greatly  enlarged,  a  cavity,  that  of  the  mouth,  13 
formed  in  its  intei-ior  by  the  depression  of  the  integument  (epiblast)  of  the  face.  Tiiis  de- 
pression first  deepens  through  the  proiection  forwards  of  the  frontal  or  intermaxillary 
process  and  of  the  two  divisions  (superior  maxillary  &  mandibular)  of  the  first  arch.  It 
then  opens  into  the  pharynx,  or  upper  extremity  of  the  primitive  alimentary  canal,  the 
opening  forming  the  fauces. 

FRONTAL  or  INTERMAXILLARY  PROCESS  &  BRANCHIAL, 
VISCERAL  or  PHARYNGEAL  ARCHES  —  The  branchial, 

visceral  or  pharyngeal  arches  are  the  four  processes  into  which  the  ventral  plates 
break  up  in  the  cervico-facial  region.  They  pass  forwards  from  the  upper  part  of 
the  chorda  dorsalis,  and  bend  downwards  &  inwards  towards  each  other.  The 
frontal  or  intermaxillary  process  is  a  similar  outgrowth  which  descends  in  the 
middle  line  from  the  front  part  of  the  cranium.  These  processes  are  separated  by 
four  fissures  or  cleft«,  the  branchial  clefts.  (The  term  branchial  is  here  misapplied, 
for  it  is  only  in  fishes  that  branchiae  or  gills  are  developed  from  these  parts). 

The  frontal  process  forma  the  outer  walls  &  the  septum  of  the  nasal  fossae,  the  central 
part  of  the  upper  lip  &  the  intermaxillary  bones.  It  is  bifid  inferiorly,  but  its  two 
halves  subsequently  unite.  Two  offsets  from  its  sides  curl  downwards  and  then  in- 
wards,  and  form  the  alse  nasi  which  encircle  the  anterior  orifices  of  the  nares. 

The  first  pair  of  branchial  arches  give  ofi"  two  processes.  One,  the  inferior,  forms  the 
lower  jaw,  the  other,  the  superior,  forms  the  upper  jaw  with  the  assistance  of  the 
frontal  process. 

The  lower  jaw  developes  much  more  quickly  than  the  upper  one,  and  its  two 
halves  are  joined  together,  and,  in  man,  are  consolidated  into  a  single  piece  before  the 
three  segments  of  the  upper  jaw  have  come  into  contact. 

The  upper  jaw  is  formed  by  the  junction,  on  either  side  of  the  face,  of  the  frontal 
process  with  the  superior  offset  of  the  upper  branchial  arch.  The  groove  between 
these  parts  closes  in  front  and  forms  the  nasal  duct. 

The  mouth  and  the  nasal  fossae  are  therefore  developed  from  the  first  or  sup- 
erior branchial  cleft,  sometimes  called  the  maxillary  cleft.  The  occasional  non- 
union, on  one  side,  of  the  frontal  or  intermaxillary  process  with  the  superior  ofiset 
of  the  first  branchial  arch  is  the  cause  of  the  most  common  or  lateral  form  of  hare- 
lip; hare-lip  may  however  be  bilateral.  The  malformation  may  also  be  situated  in 
the  median  line  j  it  is  then  due  to  the  non-union  of  the  two  intermaxillary  bones 
and  of  the  corresponding  soft  parts. 

The  tongue  appears  as  a  small  tubercle  behind  the  inferior  process  of  the  first  branchial 
arch.  From  the  posterior  part  of  the  first  branchial  arch  are  also  developed  the 
'  epiglottis  &  arytenoid  cartilages,  the  palate  bones  &  internal  pterygoid  plates  and 
also  Meckel's  cartilage,  which  latter  forms  posteriorly  the  malleus  &  possibly  also 
the  incus,  and  then  passes  downwards  to  support  the  inferior  maxilla  during  its 
ossification,  but  subsequently  disappears  in  its  anterior  part. 

The  second  branchial  cleft  forms  the  tympanum,  the  Eustachian  tube,  the  external 
auditory  canal  &  its  appendages.  The  second  branchial  arch  forms  the  stapes,  and 
also  in  the  neck  the  styloid  process,  the  stylo-hyoid  ligament  &  the  lesser  cornu  of 
the  hyoid  bone. 

The  ihirdbranchial  cleft  closes  up  early  and  disappears.  The  third  branchial  arch  gives  origin 
to  the  body  &  the  greater  cornu  of  the  hyhoid  bone  and  to  the  upper  half  of  the 
'■■  soft  parts  of  the  neck. 

The  fourth  branchial  cleft  also  closes  up  early  &  disappears.  The  corresponding  arch 
forms  the  lower  half  of  the  soft  parts  of  the  neck. 
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DEVELOPMENT  of  the  NASAL  FOSSiE. 


The  nasal  fossae  appear  as  two  depressions  ofihe  integument  of  the  tipper  6-=  central  part  of  the 
face,  •which  part  is  formed  by  the  frontal  or  intermaxillary  process,  as  explained  in  fore- 
going Tablet.  As  this  process  elongates,  these  fossae  reach  little  by  little  their 
permanent  &  more  central  position. 

They  are  at  first  blind  pouches^  but  they  soon  conijuunicafe  with  the  mouth  &^  pharynx  ;  from 
v/hich,  however,  they  are  subsequently  separated  in  part  of  the  formation  of  the  palate. 

Their  walls  are  at  first  of  very  simple  structure  :  they  are  formed  solely  by  the  inesohlastic 
elements  of  the  above  mentioned  process. 

They  become  more  complex,  however,  as  these  elements  differentiate  into  the  structtires 

described  in  connexion  with  the  develop??ient  of  the  skull. 

Thus,  after  a  time :  - 

(1)  .  The  two  fossae  are  separated  from  each  other  by  the  mesial  plate  of  cartilage 
&  bone  (cartilage  of  the  septum,  perpendicular  plate  of  the  ethmoid,  &  vomer)  which 
plate  results  from  the  union  of  the  two  antero-lateral  halves  of  the  trabeculse  basis 
cranii  of  Rathke. 

(2)  .  Their  lateral  boundaries  are  formed  from  before  backwards  as  follows  :- 
Anteriorly,  by  the  two  lateral  offshoots  of  the  frontal  process  which  form  the  alae  nasi; 
PMore  deeply,  by  those  lateral  portions  of  the  trabeculae  in  which  are  developed  the 
nasal,  intermaxillary,  lachrymal,  &  inferior  turbinated  bones,  &  the  lateral  mass  of  the 
etlimoid;  And  <f^'^?/^'r  j-^/// (and  after  the  formation  of  the  pharynx)  by  the  portion  of 
tbe  upper  process  of  the  first  branchial  arch  (or  second preoral  ov  ptery go-palatine  arch  of 
Dr.  Thomson),  in  which  are  formed  the  superior  maxillary  &  palate  bones,  and  the 
internal  pterygoid  palate  of  the  sphenoid. 

(3)  .  Their  floor  (horizontal  plate  of  the  palate  bone,  &  palate  process  of  the  superior 
maxilla)  is  also  formed  from  the  foregoing  process. 

(4)  .  Their  roof  (cribiform  plate  of  the  ethmoid)  is  formed  from  the  trabeculae 
basis  cranii  of  Eathke. 

Note  -  It  is  still  uncertain  whether  the  olfactory  nerves  are  developed  as 
ojshoots  from  the  olfactory  bulbs,  or  whether  they  are  formed  from  peripheral 
mesoblastic  elements,  as  are  all  other  nerves  except  the  optic. 
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DEVELOPMENT  of  the  EYE. -1st  Tablet. 


The  eye  is  developed  from  the  three  following  sources ;  - 

Primary  Optic  Vesicle,  &  Optic  Cup  -  Which  form  the  optic  mrvtyi'^Q  retina^ 

&  the  pigmentary  layer  of  the  choroid ; 

■    Cuticle  of  the  Face  -  Which  forms  the  lens,  and  the  epithelium  of  the  conjunctiva 

(Sr'  cornea; 

Mesoblastic  Elements  intervening  between  &  around  the  Above 

Mentioned  Parts  -  Which  elements  form  all  the  other  structures. 


ITS  APPENDAGES  -  Are  developed  as  follows :  - 

Eyelids  -  As  two  folds  of  integument,  which  rise  up  above  &  below  the 
eyeball,  and  then  adhere  to  each  other  till  about  the  time 

of  birth. 

Lachrymal  Canals,  Lachrymal  Sac,  &  Nasal  Duct  -  As  a 

persistent  part  of  the  fissure  between  the  frontal  or  inter- 
maxillary process  and  the  upper  of  the  two  processes  given 
ofiE  by  the  first  pair  of  branchial,  visceral,  or  pharyngeal  arches. 

(V.  Development  of  the  Face.) 
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DEVELOPMENT  of  the  EYE.~-2nd  Tablet- 


PRIMARY  OPTIC  VESICLE,  &  OPTIC  CUP  (or  CUPS). 

The  primary  optic  vesicle  is  a  flask-shaped  outgrowth  of  that  portion  of  the  anterior-  cerebral 

vesicle  -vvhicli  forms  the  optic  thalamus. 
Its  pedicle  becomes  filled  up  with  nervous  substance,  and  forms  the  optic  nerves  and,  by 

joining  with  its  fellow,  the  optic  commissure. 
As  it  expands,  the  primary  optic  vesicle  comes  in  contact  with  the  lens  already  formed  in 

front  of  &  a  little  below  it,  as  hereafter  explained. 
The  lens  is  ft  equently  said  to  press  upon  the  primary  optic  vesicle  so  as  to  (1)  invaginate  its 

lower  &  anterior  half  into  its  upper  &  posterior  half,  and  thus  (2)  obliterate  its  cavity. 
Whatever  explanation  be  given  of  the  change,  the  antero-inferior  aspect  of  the  primary  optio 

vesicle  comes  to  present  a  depression  or  cup,  a  gradually  deepening  depression  or  cup, 

the  optic  cup  (Foster  &  Balfour) ;    and  the  more  this  cup  deepens,  the  more  is  the  cavity 

of  the  primary  optic  vesicle  encroached  upon. 
Finally  the  walls  of  the  optic  cup  come  in  contact  with  the  posterior  &  upper  walls  of  the 

primary  optic  vesicle. 

Then,  on  the  one  hand,  the  cavity  of  the  primary  optic  vesicle  has  ceased  to  exist,  and,  on  the 
other  hand,  there  are  really  two  cups,  of  which  the  first  one,  the  lower  or  smaller  one, 
the  optic  Clip,  is  included  within  the  other,  upper,  or  larger  one. 

The  lower  or  smaller  cup,  or  optic  cup,  thickens  considerably,  and  becomes  the  retina. 

The  upper  or  larger  cup  remains  relatively  thin,  and  forms  ih.Q  pigmentary  layer  of  the  choroid. 

The  brims  of  the  two  cups  are  continuous  one  with  the  other.    They  form  a  circle  or  ring 

which  clenches  the  upper  &  lateral  portions  of  the  circumference  of  the  lens. 
The  lower  &  central  portion  of  the  circumference  of  the  lens  is  not  clenched.    And  here  the 

ring  presents  for  a  time,  a  notch,  fissure,  or  cleft,  the  choroidal  cleft. 
This  cleft  passes  backwards  towards,  and  probably  even  into,  the  optic  nerve ;  as  pigment 

is  deposited  all  around  it,  the  cleft  itself  comes  to  appear  as  a  white  line  on  a  dark 

back-ground. 

It  is  through  this  cleft,  that,  as  hereafter  explained,  mesoblastic  elements  penetrate  between 
retina  &  the  lens  to  form  the  vitreous  body  with  the  hyaloid  membrane  &  the  zonula 
of  Zinn,  the  posterior  half  of  the  capsulo-cupillary  membrane  with  the  ciliary  processes, 
and  probably  also  the  posterior  lamella  of  the  capsule  of  the  lensj  -  also,  probably,  in 
mammals  (Leiberkiihn),  the  arteria  centralis  retinae;  this  artery  resulting  from  the 
intrusion  of  mesoblastic  elements  far  back  into  the  optic  nerve  by  means  of  a  pro- 
longating backwards  of  the  choroidal  cleft. 

Normally  the  choroidal  cleft  closes  up  early.  When  it  persists,  it  gives  rise  to  the  mal- 
formation termed  coloboma. 

Notes. 

The  optic  cup  has  frequently  been  called  the  secondary  optic  vesicle. 

The  pigmentary  layer  of  the  choroid  is  now  usually  described  as  the  outer  layer  of  the  retina. 

CUTICLE  OF  THE  FACE 

Becomes  thickened  in  its  deeper  layers,  depressed,  and  finally  invaginated  So  aS  to  form  a 
closed  sac  or  hollow  ball.   This  closed  sac  or  hollow  ball  becomes  the  lens  (V.  Next 

Tablet). 

MESOBLASTIC  ELEMENTS 

Intervene  in  three  situations:  - 

Between  the  optic  cup  the  lens,  to  form  th6  Vitr&ous  bddy  Ivith  the  hyaloid  tnem- 
brane  &  the  zonula  of  Zinn,  the  posterior  half  of  the  capsule- pupillary  membrane  with 
the  ciliary  processes,  and  probably  also  the  posterior  lamella  of  the  capsule  of  the 
lenaj-alsoj  probably^  in  mammals  (Lierberkiihn),  the  arteria  centralis  retinee;  this 
artery  resulting  from  the  intrusion  of  mesoblastic  elements  far  back  into  the  optic  nerve 
by  means  of  a  prolongation  backwards  of  the  choroidal  cleft. 

Between  the  lens  <2r»  the  integument  of  the  face,  to  form  the  cornea,  the  iris,  the  anter- 
ior half  of  the  capsulo-pupiliary  membrane,  and  probably  also  the  anterior  lamella 
of  the  capsule  &  the  suspensory  ligament  of  the  lens. 

Around  the  eyeball,  to  form  the  lamina  fusca,  the  venous  &  capillary  layers  of 
the  choroid,  the  ciliary  muscle,  the  sclerotic  with  the  muscles  attached  to  the  latter,  & 
the  conjunctAva. 
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DEVELOPMENT  of  the  EYE,--3rd  Tablet. 


Details  of  the  Development  of  the  Lens. 

The  development  of  the  lens  from  the  closed  sac  or  hollow  ball  of  cuticle  already  dea« 
cribed  takes  place  as  follows  : 

Except  towards  the  peripheiy  of  the  organ,  the  cells  derived  from  the  superficial 
or  corneous  layers  of  the  cuticle  undergo  but  little  change :  -  they  remain  as  a 
single  stratum  of  flattened,  polygonal,  nucleated  cells  lying  beneath  the  anterior 
lamella  of  the  capsule.  Here  they  form  the  anterior  boundary  of  the  small  cavity 
of  the  lens,  which  cavity  is  soon  obliterated. 

Towards  the  periphery  of  the  lens,  these  cells  elongate  slightly,  and  pass  liitlo 
by  little  into  the  stratum  of  proper  lens-fibres. 

These  proper  lens-fibres  are  formed  by  the  elongation,  and  by  the  rising  up  in 
the  vertical  direction,  of  the  mass  of  cells  from  the  deep  layer  of  the  cuticle  which 
line  the  lateral  &  posterior  walls  of  the  lens  cavity. 

The  more  central  of  these  cells  elongate  and  rise  up  first,  then  comes  the  turn 
of  the  more,  and  finally  that  of  the  most,  peripheral  ones,  -  which  latter  elongate 
but  slightly,  and  pass  little  by  little  into  the  stratum  of  flattened,  polygonal,  nucle- 
ated cells,  above  described  as  derived  from  the  corneal  layer. 

As  the  cells  elongate  and  rise  up  to  become  fibres,  they  carry  forwards  their 
nuclei.  These  nuclei,  at  first  everywhere  very  distinct,  soon  cease  to  be  apparent 
except  towards  the  periphery,  where  they  constitute  the  nuclear  zone.  This  zone, 
first  situated  towards  the  posterior  aspect  of  the  lens,  advances  slowly  therefore 
towards  the  anterior  aspect. 

Kow  appear  both  the  radiating  lines  separating  the  segments  of  the  superim- 
posed  laminre  of  the  lens,  and  the  anterior  &  posterior  poles  of  the  organ ;  b)oth 
these  radiating  lines  &  the  poles  are  made  up  of  granular  collections  of  the  cells,  to 
the  margins  of  which  collections  the  extremities  of  the  lens-fibres  are  soon  clearly 
traceable. 

Note.  -  ^'^^capstilo-ptipillary  membrane  is  a  delicate  vascular  investment 
of  the  lens,  supplied  on  its  posterior  aspect  by  a  branch  of  the 
arteria  centralis  retince.  Its  fore  part  adheres  to  the  margins  of  the 
pupil,  and  forms  the  fiipillary  membrane.  Both  structures  dis- 
.  appear  when  the  anterior  or  aqueous  chamber  begins  to  expand,  ie., 
a  little  before  birth. 


142 


DEVELOPMENT  of  the  EAK.-lst  Tablet. 


The  several  parts  of  the  ear  are  developed  from  the  following  sources,  respectively  :  - 


INTERNAL  EAR  -  From  three  sources^  as  follows  :  - 

Membranous  Labyrinth  (Minus  its  Outer  Wall)  -  From  the  primary 
aicdifory  vesicle^  which  latter  is  derived  from  the  cuticle  of  the  side  of  the  head. 

Osseous  Labyrinth,  -  From'  the  primitive  cartilage  of  the  base  of  the  skull.  - 
The  modiolus  &the  lamina  spiralis  appear,  however,  to  be  developed  m  me7nbrane 
(Kolliker). 

Its  Periosteum,  Space  for  the  Perilymph,  Scalse  Vestibuli  & 
Tympani  of  the  Cochlea,  &  Outer  Wall  of  the  Membran- 
ous Labyrinth  -  From  connective  tissue  intervening  between  the 
vesicle  &  the  cartilage. 

TYMPANUM,  &  EXTERNAL  AUDITORY  CANAL  -  As  a  persistent  part  of 
the  second  branchial  clefts  -  or  of  the  first  fostoral  cleft,  according  to  Dr.  Allen 
Thomson's  mode  of  counting  the  cervical  arches  &  clefts. 

MEMBRANA  TYMPANI,  OSSICLES,  &  PINNA  -  From  the /z^;^ ^^/-W 

arc/ies,  -  or,  according  to  Dr.  Thomson's  mode  of  counting,  from  the  two  first 
pastoral  arches. 

The  Malleus  is  developed  in  the  first  cervical  or  first  pastoral  arch  from  the 
proximal  part  of  Meckel's  cartilage.  The  Pinna,  the  Stapes,  &  Stapedius 
Muscle,  and  probably  also  the  Incus,  are  developed  in  the  back  part  of  the 
second  cervical  or  second  pastoral  arch. 


DEVELOPMENT  of  the  EAR— 2ncl  Tablet. 


DETAILS  of  the  DEVELOPMENT  of  the  INTERNAL  EAR,  from  the 


Primary  Auditory  Vesicle  -  The  history  of  this  vesicle  is  as  follows :  - 

A  depression  or  pit  appears  very  early  on  the  side  of  the  head. 

It  is  soon  covered  in,  and  transformed  into  a  closed  sac,  the  prh?iary  auditory  vesicle. 

This  vesicle  sinks  in,  or  recedes,  towards  the  back  part  of  the  3rd  cerebral  vesicle, 

or  future  medulla  oblongata,  with  which  it  becomes  connected  by  means  o£ 

the  auditory  nerve. 

The  primary  auditory  vesicle  now  develops  as  follows  into  the  membranous 
labyrinth :  - 

Its  central  part  forms  the  7jestib2ile. 

The  essential  part  of  cochlea,  the  canalis  mcvibranacea^  is  formed  by  a 
prolongation  of  the  vesicle  downwards  &  fory/ards,  which  prolongation  is  first 
straight,  but  afterwards  curls  upwards  upon  itself.  -  Differentiations  in  the 
epithelium  of  the  floor  of  the  canalis  membranacea  give  rise  to  rods  of  Cord,  etc. 

The  semicircular  canals  appear  externally  as  linear  projections,  internally 
as  furrows,  which  furrows  are  transformed  into  canals  by  the  bending  in  of 
walls  of  the  vesicle  under  them. 

ThQ  Aquedticiiis  Vestibular  formed  by  a  prolongation  upwards  &  backwards.  - 
This  aqueduct  is  permanent  in  the  lower  vertebrata. 

Primitive  Cartilage  of  the  Base  of  the  Skull. 

The  periotic  cartilage  is  formed  from  the  lateral  portion  of  the  investing  mass  of 
Rathke  (Y.  Cartilaginous  Skeleton). 

Connective  Tissue  intervening  between  the  Vesicle  &  the  Cartilage. 

This  divides  into  three  layers  :  - 

The  outer  layer  forms  the  periosteum  of  the  osseous  labyrinth. 

The  inner  layer  forms  the  outer  layer  of  the  membranous  labyi-inth. 

The  middle  layer  swells  up  into  a  gelatinous  tissue,  the  meshes  of  which 
■become  wider  &  wider  till  at  last  the  ivhole  space  which  ultiinately  contains 
/(fr/Zj/w/Zz,  -  which  space  includes  the  scala  vcstibuli  ^  tympani  of  the  cochlea, - 
in  left  as  a  vacuity. 

Notes  -  The'auditory  nerve  appears  to  be  developed  from  peripheral 
mesoblastic  elements,  not  as  an  outgrowth  from  the  nerve-centres. 
As  the  cochlea  curls  upon  itself,  so  does  also  the  gangliform  ex- 
tremity of  the  cochlear  nerve,  which  latter  becomes  the  ganglion 
spiralc. 
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DEVELOPMENT  of  the  HEART.-lst  Tablet. 


GENERAI,  VIEW, 

The  heart  is  developed  from  the  splauchnopleure  layer  of  the  mesoblast,  ii^  frqnt  of  the  uppe^ 
portion  of  the  primitive  alimentary  canal. 

It  appears  at  first  as  an  elongated  mass  of  embryonic  cells. 

The  liquefaction  of  the  more  central  cells,  or  their  separatiop  from  each  other,  transforms  this 

mass  into  a  straight  longitudinal  utricle  or  sac. 
This  sac  is  at  first  widest  behind,  and  narrowest  in  front. 

From  its  anterior  or  upper  end  an  arterial  trunk  arises,  the  two  terpiinal  divisions  of  which  trunk 
first  curve  backwards  on  either  side  of  the  pharynx  &  below  the  proto vertebrae,  and  then  join 
together  to  form  the  abdominal  &  thoracic  portions  of  the  aorta  (V.  Arterial  System). 

To  its  lower  or  posterior  end  a  venous  trunk  is  added,  which  receives  the  omphalcmesenterio 
veins. 

Its  walls  differentiate  into  fibro-mascular  &  epithelial  layers,  and  its  contents,  -  imperfectly 
formed  blood,  -  are  propelled  forwards  by  alternating  movements  of  systole  &  diastole. 

The  primitively  straight  tube  now  becomes  elongated  &  bent  open  itself,  and  divided  by  two 
constrictions  into  three  portions,  ventricular,  auricular,  6^  arterial  bulb.  The  ventricular 
portion  bulges  out,  thickens  greatly,  and  becomes  more  &  more  developed  inferiorly.  The 
auricular  portion  comes  to  lie  above  &  behind  the  ventricular  j  its  walls  remain  relatively 
thin ;   diverticula  from  its  sides  form  the  appendices  auriculce. 

No  further  change  takes  place  in  fishes. 

In  reptiles,  birds,  mammalia  <Sr=  tha  human  subjectt  a  septtim  dividing  the  auricular  cavity  into  two 
is  developed  partly  from  before  backwards  &  partly  from  behind  forwards ;  but  it  is  not  com- 
pleted during  foetal  life,  an  aperture  remaining,  the  foramen  ovale^  through  which  a  partial 
admixture  takes  place  between  the  arterial  &  the  venous  blood. 

In  birds,  fuamjualia,  &>  the  human  subject,  a  septtim  dividing  the  ventricular  cavity  into  two 
commences  at  ilnQapex  of  the  heart,  extends  upwards,  and  joins  with  the  septum  which  divides 
the  arterial  bulb  into  aorta  &  pulmonary  artery. 

Notes. 

As  the  abdominal  &  thoracic  portions  of  the  aorta  are  formed  by  the  fusion  of 
the  two  parallel  &  adjacent  primitive  vertebral  arteries  (See  Arterial 
System),  so  also  would  it  appear  from  the  investigations  of  Kolliker  & 
Hensen  that  the  heart  consisted  primitively  of  two  adjacent  tubes  each 
connected  posteriorly  with  a  vein  and  anteriorly  with  an  artery,  which 
tubes  became  united  into  one  at  an  exceedingly  early  date. 

In  the  cold-blooded  pulmonated  vertebrata  ( reptiles  adidt  amphibia )  the 
ventricular  cavity  does  not  divide,  except  to  a  slight  extent  in  Saurians. 
As  regards  the  warm-blooded  pulmonated  vertebrata  ( birds,  mammaliay 
dr'  the  human  subject)  the  common  auricular  cavity  presents  the  external 
appearance  of  being  divided  into  two  at  a  period  antecedent  to  that 
of  the  partition  of  the  ventricles.  It  would  appear,  however,  that  this 
is  but  an  optical  illusion  due  mainly  to  the  projection  of  the  auricular 
appendices,  and  that,  in  reality,  the  partition  of  the  common  ventricle 
precedes  that  of  the  common  auricle. 
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DEVELOPMENT  of  the  HEART,-2nd  Tablet. 


DETAILS  OF  I  HE  PROCESS. 


Division  of  the  Common  Auricular  Cavity  into  Right  Auricle  &  Left  Auricle, 

Takes  place  partly  fi'om  before  LackwardSj  and  partly  from  behind,  forwards. 

A  fold  of  the  upper  &  anterior  walls  passes  downwards  &  backwards  to  a  little  beyond  the 
middle  of  the  cavity.  This  fold  leaves  below  &  behind  an  oval  deficiency,  the  foramen 
ovale,  to  the  anterior  margin  of  which  tlie  Eustachian  valve  soon  becomes  joined. 

A  fold  of  the  posterior  wall  now  projects  forwards  to  the  left  of  the  foregoing.  As  it  ad- 
vances, this  second  fold  meets  the  first  one,  adheres  more  &  more  to  its  free  margin,  and 
thus  closes  up  the  foramen  ovale.  Rarely  however,  at  least  during  foetal  life,  is  tho 
adhesion  of  the  two  folds  complete,  and  the  closure  of  the  foramen  perfect.  A  small 
aperture  usually  remains  at  the  anterior  part.  Bat  the  posterior  fold  advancing  beyond 
the  free  margin  of  the  anterior  one,  a  valvular  arrangement  is  created,  which  prevents 
the  passage  of  the  blood  from  one  aaricle  into  the  other. 

Division  of  the  Common  Ventricular  Cavity  into  Right  Ventricle  &  Left 

Ventricle. 

The  interventricular  septum  appears  a  little  to  the  right  of  the  apex  of  the  heart,  in  tho 

shape  of  a  cleft,  when  viewed  from  the  exterior,  in  the  shape  of  a  crescentic Jold,  when 

viewed  from  the  interior. 
Externally,  the  cleft  first  gi'ows  deeper  &  deeper,  and  then  becomes  somewhat  effaced. 
Internally,  the  crescentic  fold  projects  more  &  more  towards  the  common  auriculo-ventricular 

opening  &  the  arterial  bulb,  and  then  joins  with  the  septum,  which  divides  the  cavity  of 

the  bulb  into  two. 

Division  of  the  Arterial  Bulb  into  Aorta  &  Pulmonary  Artery. 

Is  effected  by  the  projection  inwards,  on  the  anterior  &  posterior  aspects  of  the  distal 
portion  of  the  bulb,  of  two  folds  of  its  inner  &  middle  coats  only,  -  therefore  without 
the  appearance  of  any  external  cleft. 

As  soon  as  they  are  joined  together,  these  folds  pass  downwards  in  a  spiral  manner  towards 
the  ventricular  septum,  with  which  they  unite. 

The  lumen  of  the  bulb  is  thus  divided  into  two  canals  twisted  round  each  other :  The  more 
anterior  canal,  i.e.,  the  pttlmonary  artery,  becomes  connected  below  with  the  right  ven- 
tricle; above,  it  passes  to  the  left  of,  and  somewhat  behind,  the  other  canal,  tho 
aorta,  which  becomes  connected  below  with  the  left  ventricle. 

A  splitting  of  the  septum  into  two  layers  completely  separates  the  two  vessels,  except  as 
regards  their  common  serous  investment  from  the  pericardium. 

The  distal  extremities  of  the  two  canals  become  connected  with  the  first  &  second  cervical 
arches  respectively,  -  or  with  the  fifth  &  fourth  cervical  arches  according  to  Dr.  Allen 
Thomson's  mode  of  counting  these  arches. 

Formation  of  the  Valves. 

"^he  aiiriculo-ventricidar  valves  appear  in  the  form  of  complete  annular  folds, 
which  divide  superiorly  into  their  respective  segments  and  break  up  infer- 
iorly  into  i\iQ  chordce  teitdinea;.  TlhQ  seniiiunar  valves,  &im\lar\j  tovmed,  sho\v 
early  traces  of  their  trifid  division.  The  einuses  of  Valsalva  appear  at  a 
later  date. 

iNote  -  The  foetal  heart  is  larger,  in  proportion  to  the  size  of  the  body,  than 
that  of  the  adult ;  and  its  auricular  portion  is  larger  than  the  ven- 
tricular, first  absolutely,  then  relatively.  Up  to  near  the  time  of 
birth,  tho  walls  of  the  right  ventricle  are  £ts  thick  as  those  of  the  left 
pne. 
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EMBEYONIO  CIECULATION 


Consists  of  tlie  circulation  of  the  embryo  proper,  and  of  the  collateral  circulation  of  its  two 
successive  sets  of  nutritive  &  respiratory  appendages,  the  umbilical  vesicle  on  the  ono 
hand,  and  the  allantois,  chorion  and  placenta  on  the  other. 

COLLATERAL  CIRCULATION  of  APPENDAGES  of  EMBRYO- 

Presents  two  distinct  &  successive  stages,  the  vitelline  and  the  allantoic  or  placental. 

VITELLINE  CIRCULATION  —  Appears  in  the  middle  germinal  layer  of  the 
blastodei'mic  membrane  at  the  same  time  as,  but  independently  of,  the  vessels  of 
the  embryo  proper,  and  constitutes  the  area  vasculosa :  -  linear  series  of  cells  dis- 
posed in  a  radiating  network  become  transformed,  by  central  &  peripheral  differen- 
tiations, into  a  plexus  of  blood  vessels,  which  plexus  is  bounded  at  its  circumference 
by  a  circular  venous  vessel,  the  sinus  terminalis. 

This  plexus  becomes  connected  with  the  vessels  of  the  embryo,  first  through  numerous 
small  vessels,  and  then  through  the  vitelline  or  omphalo-mesenteric  arteries  & 
veins,  which  vessels  emerge  from  or  enter  either  side  of  the  embryo;  after  a  time 
the  right  omphalo-mesenteric  artery  &  the  right  omphalo-mesenteric  vein  shrink 
&  disappear,  the  vessels  of  the  left  side  alone  remaining. 

The  degree  of  extension,  and  the  persistence,  of  the  vitelline  circulation  vary  in  diffei'ent 
animals  with  the  size  &  duration  of  the  umbilical  vesicle.  The  vitelline  circula- 
tion is  transitory,  unimportant,  and  probably  mainly  respiratory,  in  the  mammalia; 
in  birds,  on  the  contrary,  the  vitelline  vessels  project  twigs  into  the  substance  of  the 
yolk,  and  persist  up  to  the  period  of  hatching,  and  even  for  some  time  afterwards 
until  the  whole  of  the  contents  of  the  yolk  are  absorbed. 

ALLANTOIC,  or  PLACENTAL  CIRCULATION  -  Appears  with  the  allan. 
tois,  which  latter  conveys  the  umbilical  vessels  towards  the  surface  of  the  ovum. 
The  umbilical  arteries  are  at  first  two  small  lateral  branches  of  the  aorta,  which 
branches  are  however  soon  transformed  by  successive  variations  in  the  diameter  of 
the  vessels,  first  into  the  two  terminal  divisions  of  the  aorta,  or  common  iliacs,  then 
into  the  internal  iliacs,  and  finally  into  mere  branches  of  the  latter. 
The  umbilical  veins  open  into  the  omphalo-mesenteric. 

These  vessels  ramify  in  reptiles  &  birds  on  the  outer  surface  of  the  allantois  beneath 
the  shell  &  shell-membrane,  and  form  in  the  mammalia  the  vessels  of  the  chorion, 
foetal  part  of  the  placenta  &  umbilical  cord;  the  right  vein  disappearing  however 
before  the  completion  of  the  placenta. 


Note  -  The  course  of  the  blood  in  the  adul^  foetus  is  given,  page  18. 
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Notes. 

It  is  believed  by  some  tbafc  tlie  two  omphalo-mesenteric  arteries  are  prim- 
itively the  continuation  of  the  two  primitive  vertebrals,  by  the 
■union  of  which  the  aorta  is  formed. 

(The  separate  description  of  the  Collateral  Circulation  of  the 
Embryo  will  be  found,  it  is  believed,  to  simplify  considerably  the 
whole  subject  of  Fcetal  Circulation). 
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Dr.  Allen  Thomson's  Description  of  the  Cervical  Arches. 


It  ia  believed  that  the  following  remarka  will  facilitate  the  study  of  the  above  subject  aa  treated 
by  Dr.  Allen  Thomson  in  the  8th  Edition  of  Quain'a  Anatomy,  pagea  793  to  796. 

1.  -  The  two  uppermost  arches  are  such  transitory  structures  that  little  positive 
information  has  yet  been  gained  respecting  them:  Dr.  Thomson  refrains  from  dealing 
with  them  as  regards  ikeir  tildmaie  transformations. 

2.  -  Of  the  three  lower  arches,  the  transformations  of  the  lowest  one  are  made  out  clearly, 
those  of  the  one  above,  less  clearly,  and  those  of  the  one  higher  still,  somewhat  imperfectly. 

3.  -  The  lowest  archy  -  (the  one  called  the  fifth  by  Dr.  Thomson,  who  counts  the  arches 
from  before  backwards,  {.e.^  in  the  order  of  their  formation,  -  the  one  called  the  frst  in  the 
Tablets,  where  the  arches  are  counted  from  behind  forwards,  or  from  the  last  formed  to  the 
first  formed*)  disappears  entirely  on  the  right  side,  and  forms,  on  the  left  side,  both  the 
pulmonary  artery,  and  the  dzicttis  arteriosus:  -  The  part  nearest  the  heart  forms  the  trunk  of 
the  pulmonary  artery,  which  trunk  becomes  connected  below  with  the  anterior  or  pulmonary 
division  of  the  primitive  arterial  bulb,  and,  higher  up,  gives  oflE  the  right  &  left  pulmonary 
arteries  as  two  lateral  branches.    The  more  distal  part  forms  the  ducttis  arteriosus. 

4.  -  The  arch  above  this  -  (Dr.  Thomson's  fourth  arch,  -  our  second  arch)  forms,  on 
the  left  side,  the  arch  of  the  aorta. 

5.  -  On  the  right  side,  following  Coste  &  Longet,  we  have  described  this  arch  as  dis- 
appearing entirely.  Dr.  Thomson,  on  the  contrary,  following  Rathke,  describes  it  as 
disappearing  in  its  distal  portion  only,  and  as  forming  in  its  central  portion  both  the  innom- 
inate artery  &  the  first  part  of  the  right  subclavian. 

6.  -  From  this  point,  the  two  descriptions  differ  considerably  :  Dr.  Thomson  takes  the 
German  view;  we  have  taken  the  French  view. 

They  differ  mainly  with  respect  to  the  subclavians,  vertebrals,  k  internal  carotids  :  - 

7.  -  The  arch  above  the  one  just  described  (the  third  one  both  from  before  backwards 
&  from  behind  forwards)  becomes  the  subclavian  in  our  description,  the  commencement  of 
the  internal  carotid  in  Dr.  Thomson's  description. 

8.  -  This  somewhat  wide  divergence  is  accounted  for  by  the  two  following  facts,  namely : 

9.  -  Dr.  Thomson's  subclavians,  -  with  the  exception  of  the  first  part  of  the  right  sub- 
clavian, -  (and  also  his  vertebrals),  are  entirely  new  structures,  structures  developed 
independently  of  the  cervical  arches. 

10.  -  Dr.  Thomson's  common  carotids  (and  also  apparently  his  external  carotids)  are 
formed  from  the  "anterior  aortic  roots,"  from  the  common  ascending  trunks  from 
which  the  arches  arise  in  front. 

11.  -  On  the  other  hand,  the  upper  part  of  Dr.  Thomson's  "posterior  aortic  roots,"  (or  the 
trunks  into  which  the  arches  open  posteriorly),  what  we  have  called  the  pritnitive  verte- 
bralsy  form  the  terminal  part  of  his  internal  carotids,  while  the  lower  part  of  the  same 
roots  disappear. 

12.  -  In  our  description,  on  the  contrary,  the  "posterior  aortic  roots"  form  superiorly 
the  permanent  vertebrals,  in  which  the  current  of  blood  becomes  reversed  as  soon  as  the  3rd  arches 
(the  subclavians)  enlarge,  -  and  inferiorly  the  superior  intercostals. 

*  I.e.,  from  those  whose  ultimate  transformations  are  lest  known,  to  those  whose  ultimate  trans- 
formations are  least  known. 


32 


14/ 


CIRCULATION  of  the  EMBRYO  PROPER -1st  Tablet, 


ARTERIAL  SYSTEM. 

Results  from  the  metamorpLoses  of  tLe  primitive  vertebral  arteries  &  of  tire  five  pairs  oS 
cervical  arches,  and  from  the  extcBsion  of  arteries  into  the  limbs. 

The  cervical  arches  arise  from  the  anterior  or  aortic  division  of  the  bulbus  arteriosus,  or 
arterial  trunk  at  the  anterior  extremity  of  the  heart.  Curving  backwards  on  either 
Bide  of  the  pharynx  they  open  one  behind  the  other  into  the  descending  portion  of  t\<» 
first  arch,  all  joining  to  form  one  common  descending  trunk,  the  prwiitive  vertebral  arte? y. 
They  appear  successively  from  before  l>ack-\vards,  the  first  ones  becoming  modified 
before  the  following  ones  are  formed. 

The  common  descending  trunk,  or  primitive  vertebral  artery^  curves  backwards  towards  tha 
vertebral  column,  where  it  meets  with  its  fellow.  The  two  trunks  then  descend  side  by 
side  along  the  whole  length  of  the  spine,  subsequently  uniting  from  before  backwards 
to  form  the  thoracic  &  the  abdominal  portions  of  the  aorta  (Seres),  and  also,  probably, 
the  arteria  sacra  media. 

At  first  the  five  arches  conveyed  the  blood  from  the  heart  to  the  primitive  vertebral  arteries 
&  the  aorta.  And  this  condition  remains  permanent  in  fishes,  in  which  the  cervical 
arches  (then  termed  the  branchial  arches)  give  oJBE  the  vascular  tufts  to  the  gills. 

The  cervical  arches,  counting  them  from  behind  forwards,  or  from  the  last  formed  lo  the  first 
formed^  *  are  subsequently  modified  in  mammalia  as  follows  : 

First  Arch  -  Disappears  on  the  right  side.  Forms  on  the  left  side  the  trunk  of 
the  pulmonary  artery,  &  its  continuation  the  ductus  arteriosus. 

Second  Arch  -  Disappears  on  the  right  side.  Expands  on  the  left  side  into  the 
arch  of  the  aorta. 

Third  Arch  -  Develops,  as  the  upper  limbs  are  formed,  into  the  subclavian  ar- 
teries &  the  innominate  trunk.  The  subclavians,  at  first  small  transverse 
branches  joining  the  4th  arches  (carotids)  to  the  primitive  vertebrals,  grow 
in  length  with  the  upper  limb,  rapidly  increase  in  size,  and  become  the 
trunks  from  which  the  upper  &  lower  portions  of  the  primitive  vertebrals  are 
given  off. 

The  upper  portions,  the  current  of  blood  in  their  interior  having  been 
reversed,  become  the  permanent  vertebrals.  These  latter  arteries  are  at  first 
separate  along  the  whole  of  their  course ;  it  is  only  after  a  time  that  they 
join  together  within  the  cranium  to  form  the  basilar. 

The  lower  portions  lose  all  immediate  connection  with  the  aorta^  and 
become  the  stiperior  intercostals. 
Fourth  Arches  -  Their  ascending  portion  forms  the  carotids. 

Fifth  Arches  -  Remain  at  the  base  of  the  brain  as  the  posterior  communicating 
branches  of  the  internal  carotids  (Dalton),  which  branches  connect  these  trunks 
to  the  basilar  arteries  formed  by  the  junction  of  the  upper  part  of  the 
two  permanent  vertebrals. 

*  I.e..,  from  i'ho?,e  wlwse  tilihttate  irans/or7Hations  are  best  known  to  those  whose 
ultimate  transformations  are  least  knowjt.  V.  Appendix. 
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OIRCULATION  of  the  EMBRYO  PROPER- 2nd  Tablet. 


VENOUS  SYSTEM 


Is  the  result  of  the  metamorphoses  of  the  cardinal  or  vertebral  veins  and  of  the  vitelline  & 
umbilical  veins,  and  also  of  the  extension  towards  the  heart  of  the  veins  of  the  lower  ex- 
tremities, which  extension  forms  the  inferior  veua  cava  &  the  iliacs. 

C^rdizial  or  Vertebral  Veins  -  Are  four  symmetrical  &  parallel  veins,  two  superior  & 
two  inferior,  which  lie  on  either  side  and  along  the  whole  length  of  the  spinal 
column,  and  converge  towards  the  heart;  those  of  either  side  joining  to  form  two 
short  trunks,  the  canals  of  Cuvier,  which  open  into  the  auricular  portion  of  the 
heart  on  either  side  of  the  vitelline  or  omphalo-mesenteric  vein. 
The  cardinal  veins  receive  numerous  intercostal  veins  from  either  side  of  the  body. 
When  the  upper  limbs  are  developed  two  of  the  superior  intercostal  veins  enlarge 

greatly,  and  become  the  subclavians. 
The  portions  of  the  superior  cardinal  veins  situated  above  the  subclavians  then  be- 

come  the  internal  jugular  veins. 
The  portions  situated  below  the  subclavians  are  developed  as  follows  into  the  right 
innominate,  superior  cava,  &  left  superior  intercostal:  — 

The  left  innominate  vein  is  at  first  a  small  communicating  branch  which 
descends  obliquely  from  the  left  upper  cardinal  just  below  its  junction  with  the 
subclavian,  to  the  lower  part  of  the  right  upper  cardinal.  This  communicating 
branch  enlarges  while  the  part  of  the  left  upper  cardinal  situated  below  it,  dimi- 
nishes. The  former  then  conveys  towards  the  heart,  first  the  greater  part,  then 
nearly  the  whole  of  the  venous  blood  from  the  left  side  of  the  head  &  neck  and 
,  from  the  left  upper  limb,  and  takes  the  place  of  the  latter.  -  The  latter,  its  com- 

■    raunication  with  the  auricle  being  interrupted,  and  the  course  of  the  blood  in  its 
interior  being  reversed,  then  becomes  the  superior  intercostal. 
...  -  .  The  portion  of  the  right  superior  cardinal  vein  comprised  between  the  right 

.  , ,  subclavian  &  the  newly  formed  left  innominate,  now  becomes  the  right  innominate. 
V .  .  ■ .  The  portion  of  the  right  superior  cardinal  vein  situated  below  the  left  innom. 

inate  becomes  the  superior  cava. 
The  right  inferior  cardinal  vein  forms  the  vena  azygos  major. 

A  communicating  branch  which  passes  from  the  left  lower  cardinal  to  the  right 
lower  cardinal,  conveys  to  the  latter  the  blood  from  the  five  or  six  left  lower  inter- 
costals,  and  forms  the  vena  azygos  minor. 

The  left  duct  of  Cuvier  disappears,  its  central  portion  remaining  however  as  the 
coronary  sinus,  or  dilated  terminal  portion  of  the  great  cardiac  vein,  and  the 
communication  between  the  left  lower  cardinal,  as  well  as  that  between  the  left 
upper  cardinal  &  the  heart  becomes  obliterated. 

Vitelline  &  Umbilical  Veins  -  Vide  next  Tablet. 

Veins  of  the  Lower  Limbs  &  Inferior  Cava  -  As  the  lower  limbs  are  formed,  their 

terminal  venous  trunks  develop  from  below  upwards  independently  of  the  inferior 
cardinal  veins,  and  ascending  between  these,  join  with  them  by  small  branches, 
which  become  the  lumbar  veins.  They  then  converge,  constituting  the  common 
iliac  veins,  which  join  to  form  the  inferior  vena  cava.  The  inferior  vena  cava 
ascends  on  the  right  side  of  the  aorta,  and  opens  into  the  auricular  portion  of  the 
heart  by  joining  with  the  upper  part  of  the  vitelline  or  omphalo-meseiitirie  vein. 
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The  Cardinal  Veins  and  their  tributaries,  and  the  Veins  of  the  Lower  Limbs  (after  Dalton). 


P^'  "^^^^^  Thomson's  Description  of  the  Development  of  the  Veins. 

(In  Quain's  Anatomy,  Sth  Edition,  pages  796  to  798). 

In  tWs  description,  the  term  "cardinal"  is  restricted  to  our  two  lower  cardinals.  Oar  two  upper 
cardinal  veins  are  called  the  two  pr'wittlve  jugulars;  and  of  these  it  is  said  (probably  through 
a  misprint)  that,  in  the  greater  part  of  their  extent,  they  develop  into  the  external  jugulars; 
it  should  be  the  internal  jugulars,  and  the  context  shows  that  that  is  what  the  Author 
meant. 

The  lowest  portion  of  the  two  cardinals,  -  or  inferior  cardinals,  as  we  have  called  them,  -  are 
said  to  become  the  two  internal  iliacs. 

The  terms  vence hepaticce  adheventes^^  and  " vence hepat'ca  reheventes"  are  applied  to  the  diverging 
and  converging  branches  of  the  left  omphalo-mesenteric  vein  within  the  liver ;  and  the 
right  &  left  branches  of  the  portal  vein  are  said  to  be  developed  from  the  former  veins. 
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The  Portal  Circulation  (after  Dalton). 


The  ^'  Common  ^^T^or^Yal  Tr^^ 

The  two  statements  sufficieutly  correct  in  ordinary  Anatomy,  namely,  "  ^^at  the  hepatic  veins  open 
into  the  inferior  vena  cava,"  and  "  that  the  inferior  vena  cava  opetis  into  the  auricular  portion  of 
the  /leart"  are  scarcely  correct  in  embryology ;  since  the  inferior  vena  cava  is  a  vein  of 
secondai-y  formation.  The  correct  statement  is  that  both  the  hepatic  veins  (of  which  the  left 
one  receives  tbe  ductus  arteriosus)  &  the  inferior  vena  cava  open  into  the  upper  part  of  ike 
left  or  persistent  omphalo'inesenteric  vein,  the  upper  portion  of  which  latter  vein  it  is  that  opens  into 
the  auricular  portion  of  the  heart  (Vide  next  Tablet).  -  In  the  Tablets,  the  name  "Common 
Inferior  Caval  Trunk  "  has  been  given  to  this  upper  part  of  the  left  or  persistent  omphalo- 
mesenteric  vein,  which  receives  the  hepatic  veins  6^  the  inferior  vena  cava  ;  and  it  is  believed  that 
the  adoption  of  this  term  would  lead  to  greater  accuracy  of  description  than  generally 
prevails,  without,  however,  entailing  tlie  disadvantage  of  a  too  cumbrous  description. 
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CIRCULATION  of  the  EMBRYO  PROPER  -  Srd  Tablet. 


VITELLINE  &  UMBILICAL  VEINS,  &  FIRST  PORTAL  CIRCULATION. 


The  left  or  persistent  vitelline  or  omplialo-mesenteric  vein  opens  at  first  into  the  common 
auricle  between  the  ducts  of  Cuvier,  and  then,  af:er  the  separation  of  the  two  auricles, 
into  the  right  auricle  between  the  same  ducts,  which  latter  have  now  become  trans- 
formed, the  right  one  into  the  stiperior  vena  cava^  &  the  left  one  into  the  coronmy  sinus. 

A  little  below  the  heart,  it  receives  the  inferior  vena  cava. 

A  little  below  its  junction  with  the  inferior  vena  cava,  it  is  surrounded  by  the  liver,  in  the 
interior  of  which  it  breaks  up  into  a  capillary  plesus,  the  branches  of  which  plexus  again 
unite  into  venous  trunks,  the  hepatic  veins,  which  latter  open  into  what  we  have 
called  i\iQ* common  inferior  caval  iriink^  (V.  note  at  bottom  of  previous  Tablet).- The 
portal  vein  is  now  constituted  in  its  first  or  primitive  form. 

This  first  portal  vein  receives  its  blood  mainly  at  first  from  the  timbilical  vesicle:  -  The  umbilical 
vesicle  is  now  at  its  maximum,  while  the  intestine  &  spleen  are  still  undeveloped: 
therefore  the  omphalic  branches  of  the  omphalo-mesenteric  vessels,  ue.,  the  branches 
which  proceed  frotn  the  umbilical  vesicle,  must  predominate  over  the  mesenteric  branches, 
i.e.,  over  those  which  proceed  from  the  intestine  6^  spleen.  Subsequently,  as,  on  the  one 
hand,  the  intestine  &  spleen  develop,  whilej  on  the  other  hand,  the  umbilical  vesicle 
becomes  exhausted,  so  also  does  the  relative  importance  of  the  two  first  sources  of  the 
portal  blood  become  reversed  :-  After  a  while  the  supply  from  the  mesenteric  branches 
comes  to  exceed  the  supply  from  the  omphalic  branches. 


1^0 


CIRCULATION  of  the  EMBRYO  PROPER— 4th  Tablet. 


VITELLINE  &  UMBILICAL  VEINS;  &  SECOND  PORTAL  CIRCULATION. 


The  allantoie  vesicle  now  appeal's,  and  soon  pfedominates  in  size  &  importance  over  the 
umbilical.  It  carries  out  with  it  the  two  umbilical  arteries,  and  brings  back  the  two 
umbilical  veins,  of  which  the  right  one,  however,  soon  disappears. 

The  left  or  persistent  umbilical  vein  joins  with  the  left  or  persistent  omphalo-mesenteric 
vein  in  the  substance  of  the  liver,  and  takes,  as  the  allantoic  vesicle  increases  in  size 
while  the  umbilical  vesicle  diminishes,  a  more  &  more  important  share  in  tlie  formation 
of  the  portal  capillary  plexus.  -  It  supplies  the  left  lobe  entirely,  and  sends  a  large 
com/iumicatino  branch  io  the  omphalo-piesmieric  vein,  which  branch  partly  supplies  the 
right  lobe. 

There  are  now  two  portal  veins* 
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CIRCULATION  of  the  EMBEYO  PROPER -5th  Tablet. 


VITELLINE  &  UMBILICAL  VS.,  &  PERMANENT  PORTAL  CIRCULATION. 

The  liver  soon  receives  more  blood  from  the  umbilical  vein  than  from  the  vitelline,  and 
it  probably  soon  receives  more  blood  than  it  requires.  Its  vessels  are  then  relieved  as 
follows :  - 

A  communicating  branch,  the  ductus  venosus,  formed  by  the  dilatation  of  one  of  the  hepatio 
capillaries,  joins  the  umbilical  vein  to  the  'common  inferior  caval  trunk,' and  conveys 
part  of  the  blood  from  the  former  directly  to  the  inferior  vena  cava,  &  to  the  heart. 

At  birth,  both  ihe  irunk  of  the  iijiibilical  vein  &  the  ductus  venosus  become  obliterated,  while 
the  branches  of  distribution  of  ihe  lunbilical  vein,  &  it's,  communicating  branch  to  the  omphalo- 
mesenteric vein  persist;  the  circulation  in  the  latter  branch  being,  however,  reversed. 

The  portal  system  is  then  definitely  constituted  by :  - 

1.  The  mesenteric  branches  dr'  trunk  of  the  left  or  persistent  omphalo-mesenteric  vein,  — 
the  small  portion  of  the  trunk  contained  in  the  liver  becoming  the  right  branch  oj 
bifurcation,  or  the  branch  to  the  right  lobe. 

2.  The  branches  of  distribtition  of  the  umbilical  vein,  and  the  comtminicating  branch 
between  this  vein  &^  the  omphalo-mesenteric,  which  communicating  branch  becomes  the 
left  branch  of  biftircation  of  the  portal  trunk,  or  the  branch  to  the  left  lobe. 

Note  -  It  is  believed  that  the  separate  description  of  the  three  stages  of  the 
portal  circulation  will  facilitate  the  study  of  this  difficult  subject. 


152 


THE  INTESTINAL  CANAL 


Is  nothing  more  at  firsb  than  the  upper  &  smaller  portion  of  the  blastodermic  vesicle  or  yolk- 
sac,  which  upper  portion  is  progressively  enclosed  in  the  abdominal  cavity  of  the  embryo 
by  the  bending  downwards  &  the  curving  towards  each  other  of  the  ventral  plates,  and  is 
thus  separated  at  the  umbilicus  from  that  lower  &  larger  portion  of  the  same  which  be- 
comes the  umbilical  vesicle. 

Its  walls  are  formed  from  the  middle  &  inner  layers  of  the  blastodermic  membrane.*  They  are 
soon  separated  from  the  sides  of  the  embryo,  a  closed  serous  sac,  the  peritoneum,  being 
formed  between  the  two. 

The  intestine  is  now  a  narrow  tube  closed  at  its  cephalic  &  caudal,  ends,  straight  longitudinally 
(i.e.,  occupying  the  median  line  of  the  embryo),  but  curved  forwards  at  its  middle  towards 
the  umbilicus,  where  it  communicates  with  the  umbilical  vesicle  by  a  gradually  narrowing 
canal,  the  vitelline  duct.  This  communication  persists  in  birds  for  some  time  after  the 
chick  is  hatched. 

The  part  above  the  umbilical  bend  forms  the  stomach  &  the  greater  part  of  the  small  intestine.f 
The  part  below  the  umbilical  bend  forms  the  large  intestine  &  a  portion  of  the  small. 

The  stomach  is  at  first  straight,  but  it  soon  expands  greatly  to  the  lefc,  and  then  curves  trans- 
versely to  the  right,  where  an  annular  constriction  forms  the  pylorus. 

The  duodenum  again  turns  to  the  left. 

Below  this  the  small  intestine  proper  grows  greatly  in  length,  and  becomes  exceedingly  con* 
voluted,  the  peritoneum  forming  the  mesentry  behind  it. 

The  large  intestine  increases  slightly  in  length  but  greatly  in  sizd,  and  encircles  the  formei'.  - 
At  the  point  of  junction  of  the  large  &  small  intestines  a  conical  tapering  diverticulum 
appears,  which  afterwards  enlarges  superiorly  into  the  caput  coecum  coli,  while  inferlorly 
it  elongates  into  the  appendix  vermiformis. 

The  stomach  soon  communicates  with  the  oesophagus,  which  is  formed  independantly  above  it.  J 

Inferiorly  the  rectum  opens  into  the  cloaca,  or  common  outlet  of  the  digestive,  urinary  &  re- 
productive  tracts,  which  itself  soon  opens  externally.  The  rectum  is  subsequently  sepa- 
rated from  the  genito-urinary  organs  by  a  transverse  septum,  the  perinseum. 

The  valvulse  conniventes  of  the  small  intestine  &  the  pouches  of  the  large  appear  a  little  after 
the  middle  of  foetal  life.  Villi  then  exist  throughout  the  intestine,  but  they  subsequently 
disappear  below  the  ileo-coecal  valve. 

Notes. 

*  I.e.,  from  the  splanchnopleure  &  the  hypoblast. 

t  And  also,  according  to  the  more  modern  view,  the  pharynx  &  the  oesophagus. 
J  This  is  the  older  view.    According  to  the  more  modern  view,  the  pharynx  & 

the  oesophagus  are  derived  from  the  same  source,  and  are  formed  at  the 

same  time,  as  the  abdominal  or  intestinal  portion  of  the  alimentary  canal ; 

and  it  is  the  pharynx  which  comes  to  communicate  with  the  mouth  o/ 

fauces.    (See  page  134  ) 
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ITS  APPENDAGES.~AIR  PASSAGES. 


The  hihilar  glands  of  tlie  stomacli  &  intestine,  and  the  liver  &  pancreas,  are  developed  aS  deprr  S. 
sion?,  ramified  depression.^  in  the  case  of  the  two  latter,  of  the  portions  o£  the  middle  &  inner 
germinal  layers  which  form  the  intestinal  walls.-  The  liver  is  at  first  a  hifid  depression  of  the 
portion  of  the  intestinal  wall  situated  just  below  the  stomach.  It  grows  very  rapidly, 
especially  at  first,  and  weighs  during  the  first  month  12  per  cent,  of  the  weight  of  the  body; 
its  relative  weight  falls  subsequently  however  to  10,  8,  and  at  birth,  to  3  or  4  per  cent.  It 
secretes  but  a  relatively  small  amount  of  bile,  or  more  correctly,  perhaps,  of  the  colouring 
matter  only,  for  the  biliary  acids  are  said  to  be  wanting.  -  The  pancreas  is  developed  in  a 
s'milar  manner  -  The  spleen  is  probably  formed  independently  of  the  intestinal  canal,  and 
from  a  separate  mesoblastic  mass. 

The /zw^i' commence  as  two  outgrowths  from  the  front  of  the  pharynx,  which  outgrowths  rapidly 
divide  &  subdivide  into  very  numerous  processes.  At  fii^st  they  are  solid,  but  they  are  sub* 
Eequently  hollowed  out  into  the  bronchi,  bronchial  tubes,  &  air  cells.  The  bronchi  open  into 
the  pharynx  at  first  separately,  but  subsequently  by  a  common  trachea  &larynr,- these  latter 
organs  being  formed  by  a  depression  of  the  portion  of  the  pharyngeal  wall  upon  which  the 
bronchi  first  opened. 

The  diaphragm  is  formed  after  the  lungs  as  a  gradually  widening  annular  protrusion  of  thethcraco* 
abdominal  walls,  which  annular  protrusion  closes  slowly  in  the  centre,  and  separates  tha 
pericardium  &  pleura  from  the  peritoneum,  and  the  thorax  from  the  abdomen^ 
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THE  URINARY  ORGANS- 1st  Tablet. 


THE  WOLFFIAN  BODIES- 


Tlic  Wolffian  bodies,  or  primordial  kidneys,  appear  very  early  in  the  intermediate  cell  mass  (Y. 
page  125)  as  two  fusiform  structures  situated  on  either  side  of  the  primordial  vertebrfe.  They 
develop  simultaneously  with  the  intestine  &  liver,  and  are  completely  formed  by  the  end 
of  the  sixth  week. 

They  then  extend  from  just  below  the  heart  to  near  the  posterior  extremity  of  the  embryo,  and 
weigh  nearly  3  per  cent,  of  the  weight  of  the  whole  body. 

Their  duct  descends  from  their  outer  aspect  to  the  uro-genital  sinus,  and  conveys  into  that 
sinu.3  &  into  the  urinary  bladder,  a  fluid  very  similar  to  urine. 

This  duct  is  the  part  first  formed.  It  appears  as  a  solid  cord  in  the  upper  part  of  the  inter, 
mediate  cell  mass  just  below  the  epiblast,  sinks  downwards  towards  the  pleuro-peritoneal 
cavity,  and  becomes  hollow. 

The  secreting  tubules  spring  from  its  inner  side.  These  tubules  take  a  wavy  course  inwards,  or 
upwards  and  inwards,  and  end  in  dilated  extremities,  which  soon  contain  vascular  tufts  or 
glomeruli  very  similar  to  those  of  the  kidney. 

When  the  kidneys  appear,  the  Wolffian  bodies  cease  to  grow,  and  become  atrophied.  They  aro 
scarcely  seen  in  the  human  embryo  after  the  end  of  the  third  month.  -  Their  remnants,  the 
organ  of  Giraldes  &  vas  aberrans  in  the  male,  the  organ  of  Eosenmiiller  (epoophoran  & 
paroophoron )  in  the  female,  subsequently  accompany  the  testicle  or  ovary  in  its  descent. 

iNote  -  correspondence  with  the  more  modern  view  of  the  homologies 
of  the  genital  ducts  (V.  page  lOo),  the  Wolffian  body  has  been  described  as 
presenting  an  upper,  non-giomerular,  or  so-called  genital  portion  devoid  of 
tufts.  The  tubules  of  this  upper  portion  have  beien  said  to  develop  into  the  coni 
vasculosis  and  thus  to  establish  the  communication  between  the  tubuli  semini- 
feri  of  the  testicle  &  the  Wolffian  duct  necessary  for  the  transformation 
of  the  latter  into  the  epididymis,  &=  vas  deferens.  -  It  has  however  been 
shown  by  Cleland  &  by  Banks  that  the  coni  vasculosi  &  the  tube  that  unites 
them  are  developed  as  new  structures. 
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THE  URINARY  ORGANS—  2nd  Tablet. 


THE  KIDNEY. 

Is  foi'med  in  the  intermediate  cell  mass,  or  common  reproductive  cell  mass,  below  &  beliiud, 
and  a  little  later  than,  the  Wolffian  body. 

Its  first  rudiment  is  a  diverticulum  from  the  upper  &  back  part  of  the  Wolffian  duct.  This 
diverticulum  becomes  the  ureter. 

Smaller  diverticula  radiate  from  the  ureter  into  the  common  reproductive  cell  mass,  and  form 
.  the  tubuli  uriniferi,  whose  dilated  extremities  soon  contain  the  Malpighian  tufts  or 

glomeruli. 

These  tubuli  are  at  first  wide,  short,  &  straight.  As  they  lengthen,  they  become  narrow  & 
flexuous,  and  constitute  the  cortical  substance.  Their  central  ends  remain  straight,  how- 
ever, and  group  themselves  into  pyrajuids  about  fifteen  in  number,  thus  forming  the 
medullary  substance.  ■ 

The  kidney  is  at  first  lax'go,  globular  in  form,  &  more  or  less  lobulated. 
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THE  UKINARY  ORGANS -3rd  Tablet. 


THE  URiKARY  BLADDER. 


Is  formed  from  the  Intra-foetal  portioTi  of  tho  all&ntois. 

It  is  at  first  an  elongated  fusiform  sac  opening,  on  tlie  one  hand,  into  tlie  Cavity  of  the 
allantols,  and,  on  the  other,  into  the  cloaca,  or  common  outlet  of  the  digestive,  urinary 
&  reproductive  tracts. 

It  contracts  superiorly  into  a  fibrous  cord,  the  urachiis,  by  which  it  remains  permanently 
connected  to  the  umbilicus. 

Inferlorly  it  becomes  separated  from  the  intestinal  canal  by  a  transverse  septum,  the 
perinseura. 

It  then  forms  part  of  the  uro-genital  sinus,  which  sinus  forms  the  female  urethra,  and  the 
membranous  &  prostatic  portions  of  the  male. 
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THE  GENITAL  ORGANS -1st  Tablet. 


THE  CENTRAL  GENITAL  GLAND  (Testicle  or  Ovary). 

Presents  at  first  precisely  the  same  appearance,  to  wlaicliever  sex  the  fcetus  is  subsequently 
to  belong. 

It  is  formed  from  the  intermediate  cell  mass  &  the  peritoneum  covering  it,  and  about  the 
same  time  as  the  kidney,  but  in  front  &  to  the  inner  side  of  the  Wolffian  body. 

The  peritoneum  covering  the  intermediate  cell  mass  becomes  thickened  in  two 
Bituatlons,  namely,  along  its  inner  side,  where  this  thickening  gives  rise  to  an  opaque 
white  ridge,  the  terminal  ridge,  and  along  its  outer  side,  where,  by  a  process  of  involution, 
the  MuUerian  duct  is  formed. 

In  the  case  of  the  female,  the  ova  result  from  the  enlargement  of  the  cells  of  the 
germinal  ridge  (V.  next  Tablet  but  one).  They  soon  become  embedded  in  the  surround, 
ing  mass,  which  develops  into  the  stroma  of  the  ovary. 

Id  the  case  of  the  male,  the  cells  of  the  germinal  ludge  soon  become  atrophied, 
and  the  glandular  substance  develop3  in  the  intermediate  cell  mass  independently  of 
them  (V.  next  Tablet). 
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THE  GENITAL  ORGANS --2nd  Tablet. 


SUBSEQUENT  EVOLUTION  of  the  TESTICLE.— SPERMATOZOA. 


The  tubuli  seminiferi  are  at  first  solid  rows  of  cells. 

They  hollow  out  into  tubes,  lengthen,  become  convolutecl,  diminish  in  diameter,  and  branch. 

A  condensed  fibrous  covering  forms  the  tunica  albuginea,  and  sends  processes  inwards,  whicli 
processes  separate  the  lobules. 

The  spermatozoa  are  developed  from  the  modified  epithelial  cells  of  the  tubuli  seminiferi, 
whicli  Neumann  has  described  of  late  under  the  name  of  spermatoblasts. 

The  spei'matoblasts  are  pyramidal  protoplasmic  columns,  whose  bases  rest  upon  the  ■ 
fibrous  wall  of  the  tubuli,  while  their  apices  converge  towards  the  lumen. 

They  present  a  large  nucleus  near  their  centre,  and,  towards  their  bases,  from 
ten  to  tAvelve  nucleoli. 

The  nucleoli  become  the  bodies  of  the  spermatozoa.  The  central  protoplasmic  sub- 
stance of  the  spermatoblasts  splits  up  to  form  the  commencement  of  the  tails  (the  part 
sometimes  called  the  collar). 

This  evolution,  commenced  in  situ,  is  completed  during  the  progress  of  the  detached 
spermatoblasts  through  the  rete  testis  &  the  vasa  efferentia. 

The  tails  lengthen,  coil  up,  and  burst  througb  the  cell  wall  j  the  spermatozoa  aro 
thus  set  free. 
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THE  GENITAL  ORGANS -3rd  Tablet. 


SUBSEQUENT  EVOLUTION  of  the  OYAEY.  —  OVA,  GRAAFIAN 

FOLLICLES. 


When  embedded  in  the  ovaiy,  the  cells  of  the  germinal  ridge  become  transformed  into  ova  as 
follows  :- Their  protoplasm  becomes  yolk ;  their  nucleus  becomes  the  germinal  ves- 
icle ;  their  nucleohis  becomes  the  macula  or  germinal  spot.  The  vitelline  membrane  ov 
zona  pellucidai  results  from  the  subsequent  consolidation  of  the  outer  stratum  of  tho 
yolk  (Foulis). 

The  oufer  wall  of  the  Graafian  follicle  results  from  the  condensation  of  the  ovarian  stroma, 
processes  of  which  stroma  surround  the  epithelial  cells  first  collectively,  then  singly 
(Waldeyer,  Foulis). 

The  origin  of  the  inner  layer  or  memhrana  granulosa  is  still  a  disputed  point :  -  According  to 
Waldeyer  it  is  formed  from  cells  of  the  germinal  ridge,  smaller  &  less  developed  than  those 
which  become  ova;  which  smaller  &  less  developed  cells  would  be  enclosed  between  the 
processes  of  the  stroma  along  vath  the  larger  ones.  According  to  Foulis  it  is  formed, 
along  with  the  outer  wall,  from  the  cells  and  nuclei  of  the  stroma  itself. 

The  follicular  walls  thicken  and  become  vascular;  and  the  granular  cells  multiply  in  their 
interior. 

Finally  a  space  is  formed  in  the  centre  of  the  follicle,  in  which  space  fluid  accumulates;  and 

the  ovum,  surrounded  by  a  mass  of  cells,  the  discus  proligerus,  is  pressed  toAvards  the 

peripheral  wall  of  the  follicle. 
Such  a  number  of  ova  and  follicles  are  formed  in  this  w^ay,  that,  about  the  fifth  or  sixth 

month  of  foetal  life,  the  ovary  appears  to  consist  of  nothing  else. 
A  month  or  two  later,  some  of  the  follicles  enlarge  considerably,  and  sink  in  towards  tho 

ovary ;  -  the  enlarging  follicles  of  later  years  rise  up,  on  the  contraiy,  from  the  deeper 

parts  towards  the  surface. 
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THE  GENITAL  DUCTS. 


THE  OLDER  VIEW :  - 

the  gonital  glands  &  the  external  genitals  are  homologous  in  the  male  &  fcmalo,  so 
are  also  the  genital  ducts  ;  - 

^IllUer'^  Ducts  -  Form  t 

Fallopian  Tubes,  Uterus,  &  Vagina,  in  the  female, 

EpididymeSj  Vasa  DefekentiAj  &  Ejaculatoey  Ducts,  in  the  mal^. 

WolfTian  Bodies  &  Ducts  -  Dwindle  down,  on  the  contrary,  into; 

Organs  0/  Gv  aides,      vasa  abcrranlia  in  the  male, 

Parovaria,  qv  Organs  of  lyoscuj/iulkr,  (S^  Gaertncr^s  Canals y  in  the  female. 


Remarks  -  We  are  here  face  to  face  -u-ith  two  conflictiug  views;  and  such  is  the  importance  &  interest 
of  the  matter  in  dispute,  that  it  has  been  thought  desirable  to  give  an  outline  both  of  the  conflicting  views  in 
question,  and  of  the  facts  &  arguments  upon  which  they  are  respectively  based. 

The  view  described  as  the  More  Modern  is,  with  a  few  slight  modifications,  the  one  advocated  by  the  old 
German  physiologists  Rathke,  Bidder,  Weber,  Kobelt,  Meckel  &  others,  in  opposition  to  the  view  of  J.  Miiller 
(1832,  18i6  to  1848).  It  was  opposed  by  the  physiologists  of  the  French  School,  Coste,  Longet,  FoUin,  and  is 
still  opposed  by  Robin ;  nor  was  it  generally  received  by  English  physiologists  for  many  years  after  it  had 
been  put  forth  :  -  Dr.  Cleland  opposed  it  in  1856  (  "  Structure  &  Mechanism  of  the  Gubernaciilum  Testis  "  )  ; 
Mr.  John  Marshall,  F.R.S.,  writing  as  late  as  1867  ("Physiology,  Human  &  Comparative"),  ignores  it  entirely. 

On  the  other  hand.  Dr.  Carpenter  noticed  it  somewhat  favourably  in  his  "Principles  of  Human  Physiology" 

(4th  Edition,  1853),  and  supported  it  in  the  5th  Edition  (1855)  in  a  foot-note  which  runs  as  follows,  and  which 

has  been  preserved  in  all  the  subsequent  Editions  revised  by  Mr.  H.  Power :  - 

"Although  it  has  usually  been  considered  that  the  vasa  deferentia  of  the  male  and  the  Fallopian  tubes  of  the  female 
"are  homologous  organs,  yet  this  does  not  seem  to  be  really  the  case,"  .  .  .  (See  Ivobelt  "  Der  Nebeneierstock  des 
"  Weibes."  Heidelberg,  1847.) 

In  the  later  editions,  further  quotations  have  been  introduced  from  Mr  W.  M.  Banks'  prize  essay  in  support  of 
the  more  modern  view. 

Dr.  Sharpey,  writing  in  the  £th  &  6th  Editions  of  Quain's  Anatomy,  holds  an  even  balance  between  the 
two  views :  - 

"  The  mode  of  origin  of  the  Fallopian  tubes  &  vasa  deferentia  has  been  differently  explained  by  different  enquirers. 
"  In  the  mammalia,  the  Fallopian  tube,  as  well  as  the  vasa  deferentia,  is  supposed  by  J.  Muller  to  be  formed  out  of  a  dis- 
"  tinct  canal  along  the  outer  border  of  the  Woliflan  ]<ody.  E,athke  lirst  maintained  that  both  the  Fallopian  tube  &  the 
"  vas  deferens  are  formed  independently  of  the  WolflTian  duct ;  but  he  has  since  been  led  to  adopt  a  somewhat  different 
"  opinion  founded  on  his  researches  on  the  development  of  the  snake  (but  which  he  thinks  will  probably  apply  also  to  the 
"other  vertebrata).  In  the  female,  according  to  this  view,  the  duct  of  the  Wolffian  body,  as  well  as  the  body  itself,  is 
"  entirely  absorbed,  whilst  the  new  canal  constitutes  the  Fallopian  tube  ;  but,  in  the  male,  the  reverse  takes  place,  the 
"  newly  formed  canal  disappearing,  and  the  Wolffian  duct  becoming  the  vas  deferens ;  whilst  some  of  the  tubuli  of  the 
"  Wolffian  body,  remaining  in  connexion  with  the  duct,  usually  contribute  to  form  the  epididymis.  Bischoff,  after  a 
"  careful  examination  of  these  parts,  declares  that  the  fflament  formed  along  the  outer  border  of  each  Wolffian  body 
"  contains,  not  only  the  excretory  duct  of  that  gland,  but  also  an  efferent  sexual  duct,  whichMs  the  rudiment  of  the 
*'  Fallopian  tube,  or  of  the  vas  deferens,  and  that  both  these  are  formed  independently  of  the  Wolffian  body."  (Slightly 
altered/or  th«  sake  of  condensation). 


-DISPUTED  HOMOLOaiES. 
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THE  MORE  MODERN  VIEW  :  - 

Though  the  genital  glands  &  the  external  genitals  ai'e  homologous,  or  nearly  so,  in 
the  male  &  female,  the  genital  ducts  are  not  homologous.  The  male  diicts  corre- 
spond on  the  contrary  to  relatively  unimportant  structures  in  the  female  j  and 
the  female  ducts  correspond  likewise  to  relatively  unimportant  structures  in  the 
male  :  - 

MuUer's  Ducts  -  Form : 

Fallopian  Tubes,  Uterus,  &  Vagina,  in  the  female,  while,  in  the  male, 
they  dwindle  down  into  the 
Vesicula  Prostatica,  Sinus  Pocidaris,  or  Organ  of  Weber^  which  is  the 

homologue  of  the  uterus  &  vagina  of  the  female,  and  into  the 
Hydatids  of  Morgagni. 

Wolffian  Bodies  &  Ducts  -  Form 

Epididymes  (body  &  tail),  Vasa  Deferentia,  &  Ejaculatghy  ducts,  and  also 
the  Organs  of  Giraldes  &  Vasa  aberranlia  of  Halle r,  in  the  male, 
while,  in  the  female,  they  dwindle  down  into  the 
Organs  of  Rosenmuller  ( Epoophoron     Farjophoron),  &  Gaertners  Canals, 


Dr.  Allen  Thomson  &  Dr.  Cleland,  writing  conjointly  in  the  7th  Edition  of  Quain's  Anatomy  (1857),  and 
Dr.  Allen  Thomson  writing  in  the  8th  Edition  of  the  same  work  (1876),  appear  to  be  the  first  English  authors 
who  mention  no  other  view  than  the  More  Modern  one.  The  latter  writer  quotes  extensively  from  Messrs. 
Foster  &  Balfour,  as  all  other  authors  have  done  since  the  appearance  of  their  "  Elements  of  Embryology  " 
(1874). 

If  we  now  turn  to  the  critical  examination  of  the  two  views,  we  shall  immediately  see  that  they  agree  with 
respect  to  the  female  organs :  Both  admit  that  the  Fallopian  tubes,  uterus,  and  vagina  are  formed  from  the 
Miillerian  ducts,  and  that,  in  the  female,  the  Wolffian  ducts  dwindle  down  into  unimportant  residual  structures. 
It  is  with  regard  to  the  male  organs  only  that  the  two  views  differ. 

They  differ  in  this  way :  -  In  the  older  view  it  is  asserted  that  the  vasa  deferentia  are  the  homologues  of 
the  Fallopian  tubes,  and  that  they  are  developed,  as  are  the  latter,  from  the  Miillerian  ducts.  In  the  more 
modern  view  it  is  asserted  that  the  vasa  deferentia  are  not  the  homologues  of  the  Fallopian  tubes,  and  that 
they  are  not  developed  from  the  Miillerian  ducts,  but  are  developed,  on  the  contrary,  from  the  ducts  of  the 
Wolffian  bodies,  or  Wolffian  ducts.  In  the  male,  therefore,  according  to  the  more  modern  view,  the  Wolffian 
ducts  would  at  first  be  connected  with  the  Wolffian  bodies  and  would  serve  for  the  excretion  of  the  fluid  formed 
by  the  latter,  namely,  modified  urine.  They  would  then  cease  to  be  connected  with  the  Wolffian  bodies  and 
to  excrete  urine,  and  would  become  connected  to  the  testicle  and  serve  for  the  excretion  of  the  sperm. 

With  these  two  first  conflicting  statements,  namely  :  - 

//  is  Midler  s  duds  that  fortn  the  vasa  deferentia  (The  Older  View)  ; 

//  is  tlie  Wolffian  diicts  (hat  form  the  vasa  deferentia  (The  More  Modern  View)  j 

are  therefore  correlated  the  following  equally  conflicting  statements,  namely  :  - 

The  Wolffian  ducts  diuindle  down  into  residual  structures  in  the  male  as  well  as  in  the  female  (The 

Older  View)  ; 

Jt  is  only  in  the  female  that  the  Wolffian  ducts  divindle  doxvn  into  residical  structures  ;  in  the  male,  it  is 
Muilei's  ducts  that  so  dwirtdle  doivn.  The  Wolffian  ducts  rise,  on  the  contrary ^  to  the  pre-e7ninent 
office  of  excretory  ducts  of  the  testicle  (The  More  Modern  Vieav). 
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THE  GENITAL  DUCTS, -2nd  Tablet. 


THE  TWO  VIEWS  DISCUSSED:-  Direct  Observations ;  Collateral  Evidence. 

In  thismatter,  direct  observations  appear  somewhat  inconclusive.  A  perusal  of  the  criticisms 
of  their  opponent's  views  by  those  who  hold  the  older  view  will,  it  is  believed,  confirm 
this  impression :- Says  Longet :  "Rathke  pretendit  que  les  Corps  de  WolfiE  dispa- 
*  raissent  totalement  chez  les  femelles,  mais  qu'ils  persistent  en  partie  chez  les  males 
"pour  former  I'epididyme.    J.  Mtiller  pensa  que  leurs  conduits  excr6teurs  se  irans- 

"fonneitt  en  canal  deferent.   Coste  redressa  cette  erreiir  On  pent  y  distinguer  trois 

"  partie?,  une  externe,  sorte  de  filament  ou  de  canal,  Le  filament  externe  est  compost 
"  de  deux  canaux  places  a  cot^  I'un  de  1' autre:  le  plus  externe  deviendra  V epididyme  et 
"  le  canal  dejerent  chez  le  male,  r ovidiicle  chez  la  femelle  ;  Tinterne,  au  contraire,  appar- 
"  tient  bien  r^ellement  au  corps  de  Wolff,  dont  il  constitue  le  canal  excr^teur.  Le 
"  paralldisme  dn  spermidiicte  ou  de  Vovidtute  avec  le  canal  exci'etettr  an  corps  de  Wolff  a  ete 
"  la  cause  de  Verreur^  Les  corps  de  Wolff  sont  completement  independants  de  toutes 
"  les  productions  environnantes ;  ils^ont  egalejneni  c/raitgers,  el  ajix  organes  urinaires  et 
"  atix  organes  genitatix  internes — ..  Plus  tard,  le  corps  de  Wolff  se  complique.  Les 
"  tubes  creux  et  aveugles  qui  contribuent  le  former  s'accroissenfd'une  mani^re  plus 
"  ou  moins  considerable,  etl'espace  dans  lequel  so  fait  leur  developpement  ne  grandis- 
"  sant  pas  proportionnellement  a  la  q.uantit6  dont  ils  s'allongent,  ils  se  replient  sur 
"  eux-memes,  se  contournent,  et  prennent  Vaspect  d^un  epididyme.  L' epididyme 
"  commence  a  se  former  par  un  enroulement  de  I'extremit^  du  spermiducte,  ce  qui  a 
"  pu  contribuer  a,  faire  adopter  V opinion  erronce  qiiil  provenait  du  corps  de  Wolff 
"  (LoNGET.  Traite  de  Pliysiologie;  Second  volume,  pages  852  a  854). 

Collateral  Evidence  is  adduced  in  support  of  the  older  viezu,  firstly,  from  the  respective 
homologies  (complete,  or  nearly  so)  of  all  the  other  parts  of  the  genito-urinary  system 
in  the  male  &  female;  secondly,  from  what  may  be  considei-ed  as  the  appa^'ent prima 
facie  improbability,  that,  in  the  male,  one  &  the  same  duct  (the  Wolffian  duct)  should 
serve  as  the  excretory  canal  first  for  one  gland  (the  Wolffian  body)  and  then  for 
another  (the  testicle),  and  that,  on  the  other  hand,  a  duct  should  be  formed  (the 
Miillerian  duct)  seemingly  an  excretory  duct,  which  is  to  serve  no  excretory  purpose 
whatever ;  and,  thirdly^  from  the  asserted  absence  of  examples  of  double  vertical 
hermaphrodism. 

-  Collateral  evidence  is  adduced  in  support  of  the  more  modern  view  from  considerations 

in  respect  of  the  vesicula  prostatica  &  of  Gaertner's  canals,  and  from  alleged 
examples  of  double  vertical  hermaphrodism. 

The  view  of  the  homology  of  the  vesicula  prostatica  or  sinus  pocularis  with  tho 
uterus  (Weber),  or  rather  with  the  uterus  &  the  vagina  (Leuckhart),  necessarily  leads 
to  the  view  that  the  diminutive  cornua,  which  this  sinus  presents  in  many  mammals, 
are  derived,  like  the  cornua  of  uterus,  from  the  Miillerian  ducts ;  and  from  the  fact 
that  these  cornua  are  not  prolonged  into  anything,  which  can  be  compared  with  the 
Fallopian  tubes  of  the  female,  it  is  further  concluded  that  the  Mullerian  ducts  must 
disappear  in  the  male,  except  as  regards  their  most  central  portions. 

Further,  in  the  hypothesis  of  the  homology  of  the  vesicula  prostatica  with  tho 
uterus  &  vagina,  the  opening  of  the  ejaculatory  ducts  just  within  the  margin  of  the 
vesicula  is  highly  suggestive  of  the  homology  of  these  ducts,  and  of  their  prolonga- 
tions, the  vasa  deferentia,  with  the  canals  of  Gaertner,  which,  in  the  early  condition 
of  the  female  of  the  pig,  calf,  lamb,  &  some  other  mammals,  open  into  the  vagina 
on  either  side,  close  to  the  vulva.  These  ducts  of  Gaertner  are  the  remnants  of  the 
Wolfiian  ducts.  Therefore  it  must  be  these  same  Wolffian  ducts,  i.e.,  these  ducts  which 
disappear  or  at  least  dwindle  down  into  unimportant  residual  structures  in  the 
female,  that  become,  in  the  male,  the  vasa  deferentia. 

The  term  double  vertical  hermaphrodism  is  descriptive  of  such  abnornal  cases  as 
may  present,  on  the  same  side,  both  a  testicle  &  an  ovary.  If  such  cases  really  do  exist, 
as  there  are  but  two  foetal  ducts  in  connexion  Avith  the  central  genital  organs,  one  of 
these  ducts  must  become  the  excretory  duct  of  the  ovary,  and  the  other  the  excretory 
duct  of  the  testicle.  These  ducts,  therefore,  are  not  the  homologues  one  of  the  other. 
Hence,  as,  in  the  female,  the  evolution  of  the  ovary  &  non-evolution  of  the  testicle 
entail  aa  a  consequence  the  persistence  of  the  Miillerian  duct  &  the  atrophy  of  the 
Wolfiian  duct ;  so  also,  in  the  male,  does  the  evolution  of  the  testicle  &  non- 
evOjlution  of  the  ovary  entail  the  persistence  of  the  Wolffian  duct  &  the  atrophy  of 
the  Miillerian  duct. 
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THE  GENITAL  DUCTS,-3rd  Tablet. 


THE  VIEWS  of  WEBER,  as  supported  by  CARPENTER  &  POWER. 


The  uterus  &  vagina  are  not  formed  by  the  coalescence  of  the  lower  part  of  Miiller's  ducts. 
They  are  developed  from  a  portion,  -  the  genital  portion,  -  of  the  uvo-genital  sinus, 
which  sinus  is  evolved  on  exactly  the  same  plan  in  hot'i  sexes,  as  will  presently  appear. 

Theuro-genital  sinus  is  a  part  of  the  primitive  allantois.  It  therefore  communicates 
superiorly  with  the  urinary  bladder.  Into  it  open  posteriorly  both  the  Wolffian  ducts  & 
Miiller's  ducts  (the  common  bundle  formed  by  these  ducts  being  sometimes  called  the 
genital  covf^);.  .    ,  ,   .  ,.  , 

As  soon  9,3  the  perinaeal  .septum  is  formed,  the  uro-genital  sinus  is  found  to  open  ex- 
ternally in  front  o(f  the  anus,in  the  Situation  of  the  future  vulva  of  the  female  (V.  External 
Genito.Urinary  Organs.)  'This  condition  is  common  to  both  sexes. 

One  further  modification,  now  to  be  described,  also  occurs  in  both  sexes,  and  it  is  only  after 
the  occui-rence  of  this  modification  that  sexual  divergences  begin.  The  modification  in 
question  is  the  division^  by  means  of  a  transverse  septum,  of  all  but  the  loivest  part  of  the 
tiro-genital  sinus  into  an  anterior,  or  tirinary  portion,  &  a  posterior,  or  genital  portion. 

The  anterior  or  urinary  portion  becomes  the  tireth-a  proper,  i.e.,  the  urethra  of  the 
female,  or  the  prostato-mem,branous  portion  of  the  urethra  of  the  male.  (The  spongy 
portion  of  the  urethra  of  the  male  is  a  subsequent  structure  formed  as  described  below.) 

The  posterior  or,  genital  portion  becomes  the  vagina  &  uterus  in  the  female,  or  the  vesicula, 
prostatica  in  the  male.  This  is  effected  as  follows :  the  male  organs  simply  make  no 
advance  in  volume  or  complexity;  the  female  organs,  on  the  contrary,  increase  in  size, 
and  a  constriction  divides  them  into  two  parts,  of  which  the  upper  oue,  the  uterus, 
thickens  from  below  upwards. 

The  lozuer  and  undivided  portion,  or  aperture,  of  the  uro-genital  sinus  forms  the 
atrium  vagincs  in  the  female,  i.e.,  the  combined  fossa  navicularis  &  vestibule,  which  parts 
are  bounded  by  the  now  formed  labia  minora  &  clitoris. 

In  the  male,  the  uro-genital  sinus  is  continued  into  the  spongy,  or  superadded,  portion 
of  the  urethra,  which  latter  is  formed  by  the  mesial  union  of  the  homologues  of  the 
labia  minora  (V.  External  Genito-Urinary  Organs). 

REMAEKS  -  In  this  view,  we  have,  opening  mto  the  female  atrium,  both  the 
urethra  &  the  vagina,  and,  through  the  vagina  &  its  continuation,  the  uterus,  both  Miiller's 
ducts  (Fallopian  tubes)  and  the  Wolffian  ducts  (Gaertner's  canals) ;  and  so  also  we  have, 
in  the  male,  both  the  urethra  X^^^  urethra  proper)  and  the  vesicula  prostatica,  and 
through  the  vesicula  prostatica,  both  Miiller's  ducts  &  the  Wolffian  ducts,  opening 
into  what  corresponds  to  the  female  atrium. 

This  view  weakens  slightly,  as  far  as  it  is  based  upon  homologies,  but  only  very 
slightly,  the  view  that  the  vasa  deferentia  are  differentiated  Wolffian  ducts.  (V.  ap- 
pendix page     163  A.) 
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THE  GENITAL  DUCTS -4th  Tablet, 


raE  GENITAL  CORD  or  COMMON  GENITAL  BUNDLE  .-(Classical  View) . 


The  genital  cord  is  the  common  bundle  formed  by  the  approximation  of  the  "Wolffian  &  Miillenan 
ducts  of  either  side  a  little  above  their  point  of  entrance  into  the  uro-genital  siuus;  -  which 
bundle  becomes  greatly  thickened  by  deposition  of  tissue  between  &  around  the  ducts. 

The  Miillerian  ducts  lie  between  &  behind  the  Wolffian  ducts,  and  they  unite  into  one  canal 
before  they  open  into  the  uro-genital  sinus. 

In  the  female  subject,  the  common  canal  thus  formed  becomes  the  vagina,  the  ce/vix,  &  the 
greater  part  of  the  body  of  the  uterus. 

The  portions  of  the  Miillerian  ducts  above  this  become  the  cornua  of  the  uterus,  which  latter  re« 
main  comparatively  short  in  the  human  female. 

The  remainder  of  the  Miillerian  ducts  become  the  Fallopian  tubes. 

The  thickening  of  the  walls  of  the  uterus  begins  at  the  ds,  and  progresses  from  below 
upwards :  For  some  time  after  birth,  the  cervix  is  larger  &  thicker  than  the  body. 

Incomplete  union  of  the  Miillerian  ducts  gives  rise  to  the  nterits  bicornis  or  horned  tileries 
common  to  many  mammals ;  their  imp.erfect  union  may  give  rise  to  a  double  uterus,  and 
even,  occasionally,  to  simultaneous  duplicity  of  the  vagina. 

The  Miillerian  ducts  being  formed  by  an  involution  of  the  peritoneum,  the  female 
passages  &  their  mucous  membrane  are  continuous  with  the  pleuro-peritoneal  cavity  &  its 
epithelium. 

tn  the  male,  the  united  portions  of  the  Miillerian  ducts  become  the  sinus  poeularis  or  vesicula 
prostatica. 

The  Wolffian  ducts  open  into  the  uro-genital  sinus  on  either  side  of,  and  below  the  Miillerian 
ducts. 

In  the  female  they  dwindle  down,  to  the  condition  of  a  residuary  duct  (Gaertner's 
canal),  which  joins  the  outer  extremities  of  the  tubules  of  the  parovarium  or  organ  of  Rosen- 
miiller. 

In  the  male,  they  become  the  canal  of  the  body  &>  tail  of  the  epididymis,  the  vasa  deferential 
a,nd  the  ejaciilatory  duels  ;  diverticula  from  their  walls  form  the  vesiculce  seininales. 

The  prostate  gland  results  from  the  thickening  of  the  whole  of  the  lower  part  of  the  genital  cord. 
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THE  RESIDUAL  GENITO-URINARY  ORGANS, 


OF  THE  FEMALE  :- 

Parovarium,  Organ  of  Rosenmuller,  or  Epoophoron,  &  Gaertner's  Canals  — 

Paroophoron. 

Tho  Parovarhnn,  or  Organ  of  Rosen»iidler,  is  dne  to  the  persistence  of  the  upper,  non- 
glomerular,  or  so-called  sexual  portion  of  the  Wolffian  body  ;  it  closely  corresponds, 
tlierefore,  to  the  epididymis  of  the  male.  It  is  scarcely  correct,  however,  to  consider 
it  as  the  homologue  of  the  epididymis,  since  it  has  been  shown  by  Cleland  and  by 
Banks  that  the  coni  vasculosi  &  the  tube  that  unites  them  are  developed  as  new 
structures. 

It  consists  of  a  group  of  scattered  tubules  lined  with  epithelium,  which  lie 
more  or  less  trans verselj'^  in  the  broad  ligament  of  the  uterus  between  the  Fallopian 
tube  &  the  ovary.  These  tubules  are  closed  at  their  inner  ends,  which  converge 
towards  each  other;  but  they  open  at  their  outer  ends  into  a  vertical  canal, 
which  is  the  remnant  of  the  Wolffian  duct.  This  canal  passes  downwards  in  the 
direction  of  the  vulva,  and  usually  becomes  lost;  but  in  the  early  condition  of  the 
female  of  the  pig,  calf,  lamb,  &  some  other  mammals,  it  is  seen  to  open  into  the 
vagina  close  to  the  vulva.    It  is  then  known  as  Gaertner's  canal. 

The  vestige  of  the  lower,  glomerular,  or  primordial-kidney  portion  of  the  Wolffian 
body  may  sometimes  be  detected,  occasionally  even  in  the  adult  female,  on  the  inner 
side  of  the  foregoing  organ,  between  it  &  the  uterus.  It  consists  of  small  cysts,  or 
obscure  &  imperfect  tubular  remains.  Waldeyer  calls  it  \ia.Q  paroophoron^to  ^\%' 
tiugiiish  it  from  the  foregoing,  which  he  calls  the  epoophoron. 

The  Fallopian  tube  sometimes  presents  one  or  two  small  additional  fimbi-ated  openings 
at  a  short  distance  from  its  extremity.  Tliese  are  probably  due  to  the  imperfect 
closure  of  the  Miilierian  duct. 

OF  THE  MALE  :  - 

Organ  of  Giraldes,  or  Paradidymis;  Vas  Aberrans;  Hydatid  of  Morgagni.— 

The  Organ  of  Giraldes  is  the  remnant,  in  the  male,  of  the  lower,  glomerular,  or  primordial- 
kidney  portion  of  the  Wolffian  bodj?-.  By  Waldeyer,  it  is  called  the  paradidymis^  in 
correspondence  with  its  homologue,  the  paroophoron  of  the  female.  It  lies  in  the 
lower  &  front  part  of  the  spermatic  cord  close  to  tho  head  of  the  epididymis,  nnd 
consists  of  a  collection  of  minute  cor^voluted  tubules  lined  with  epithelium. 

The  Vas  Aheri-ans  of  Haller  is  probably  also  a  remnant  of  some  part  of  the  Wolffian 
body,  but  its  precise  origin  has  not  yet  been  clearly  made  out.  It  is  a  narrovr 
tortuous  tube  from  1^  to  14  inches  long,  connected  with  the  commencement  of  the 
vas  deferens  or  with  the  lower  part  of  the  canal  of  the  epididymis,  passing  upwards 
for  an  inch  or  more  among  the  other  elements  of  the  spermatic  cord,  and  ending  in 
a  blind  extremity.  It  is  sometimes  quite  unconnected  with  the  permanent  seminal 
ducts.  It  is  sometimes  branched,  and  occasionally  there  are  two  or  three  tubes 
instead  of  one. 

The  Hydatid  of  Morgagni  is  probably  a  remnant  of  Miiller's  duct.  It  is  a  small  pedun- 
culated  mass  of  connective  tissue  &  blood-vessels  surrounded  by  a  fold  of  the 
tunica  vaginalis,  and  situated  on  the  upper  extremity  of  the  testicle,  just  in  front  of 
the  globus  major  of  the  epididymis;  sometimes  there  are  several  hydatids  instead  of 
one.  -  A  similar  body  is  frequently  found  in  connexion  with  the  free  end  of  the 
Fallopian  tube. 
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THE  EXTERNAL  GENITO-URINARY  ORGANS— 1st  T. 


Appear  a  little  after  the  internal,  and  are  also  identical  at  first  in  both  sexes. 

A  rounded  eminence  arises  below  &  behind  the  symphysis  pubis,  and  on  it  appears  a  median 
depression  or  slit. 

This  slit  grows  deeper  &  deeper,  and  soon  opens  into  the  cloaca,  or  common  outlet  of  the  intes- 
tinal  canal  and  of  the  internal  genito-urinary  organs. 

A  transverse  septum,  the  perinseum,  now  separates  the  rectum  from  the  uto-genital  sinus,  and 
the  anus  from  the  external  genitals. 

The  uro-genital  sinus  is  the  lowest  &  contracted  part  of  the  intra-foetal  portion  of  the  allantois. 
It  communicates  superiorly  with  the  urinary  bladder.  •  Into  it  open,  first  the  Wolffian  ducts, 
and  then  the  ureters  &  the  Miillerian  ducts.  It  subsequently  contracts  to  form  the  female 
urethra,  and  the  prostatic  &  membranous  portions  of  the  male  urethra. 

The  growth  of  the  uterus  &  vagina  separates,  in  the  female,  the  genital  canal  from  the  urinary. 
Sexual  differentiations  now  appear  externally  :  - 

Two  elongated  &  obliquely  disposed  eminences  are  formed  on  either  side  &  in  front 
of  the  uro-genital  opening.  They  converge  anteriorly  to  form,  in  the  male,  the  corpora 
spongiosum  &  cavernosa,  in  the  female,  the  clitoris  &  the  labia  minora ;  a  slit  or  groove 
remaining  for  a  time  on  the  under  surface  of  the  former. 

In  the  male,  the  corpora  cavernosa  &  spongiosum  extend  upwards.  Tlie  lower 
margins  of  the  latter  soon  join,  closing  the  median  groove  inferiorly,  and  forming  the  spongy 
portion  of  the  urethra.    In  the  female,  the  clitoris  tends  to  bend  downwards. 

Two  cutaneous  appendages  appear  on  either  side.  In  the  female,  they  remain  separate 
as  the  labia  majora.  In  the  male,  they  join  from  behind  forwards  to  form  the  scrotum,  into 
which  the  testicle  descends  at  birth. 
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ADDITIONAL  NOTES. 


The  mode  of  formation  of  the  peringeal  septum  has  not  yet  been  made  out  very  clearly.  It 
would  appear  that  the  deeper  parts  are  formed  first,  by  the  union  of  two  transverse 
bands  which  project  on  either  side  from  the  lateral  &  back  part  of  the  cloaca-,  and  that 
it  is  only  subsequently  that  those  superficial  structures  arise  which  form  the  peringeum 
proper. 

The  groove  on  the  under  surface  of  the  future  erectile  organ  is  frequently  called  the  tiro-genital 
groove  on  account  of  its  being  the  continuation,  so  to  speak,  of  the  uro-genital  sinus.  la 
the  female,  the  margins  of  this  groove  widen  out  into  the  labia  minoi-a  or  nymphcE.  In 
the  male,  they  unite  from  behind  forwards  to  form  the  spongy  portion  of  the  urethra, 
which  portion  is  therefore  the  homologue  of  the  atrium  vaginae. 

The  glands  of  Bortholin,  which  open  into  the  female  atrium,  are  the  homologues  of  Cowper's 
glands,  which  open,  in  the  male,  into  the  back  part  of  the  spongy  portion  of  the  urethra, 
or  into  what  is  sometimes  called  the  bulbous  portion. 

The  bnlbi  vesiibuliot  the  female  are  the  homologues  of  the  two  lateral  halves  of  the  urethral 
bulb  of  the  male ;  and  the  partes  interviedice  of  Kobelt  are  probably  the  homologues  of  the 
two  lateral  halves  of  the  remainder  of  the  corpus  spongiosum  urethras. 

In  the  female,  these  parts  remain  separate,  except  quite  anteriorly  where  they 
join  to  form  the  glans  clitoridis. 

In  the  male,  the  two  halves  of  the  corpus  spongiosum  unite  from  behind 
forwards  both  above  &  below  the  urethra,  forming  its  erectile  coat,  and  then  swell  out 
anteriorly  to  constitute  the  glans  penis  :  the  grooves  on  the  under  surface  of  the  bulb  & 
glans  are  traces  of  the  primitive  bifid  condition  of  these  parts.  Imperfect  union 
either  above  or  below  may  give  rise  to  epispadias  or  hypospadias  respectively. 

The  hymen  &  prepuce  are  formed  as  projecting  folds  of  the  mucous  membrane  of  the  atrium 
vaginae,  &  of  the  integument  of  the  penis  respectively. 
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THE  DESCENT  of  the  TESTICLE. 


Up  to  the 

5th  Month  -  The  testicle  lies  in  the  lumbar  region  in  front  of     a  little  below  the  kidney  ;  it  is  en- 
veloped by  the  peritoneum^  which  forms  behind  it  a  suspensory  fold  or  mesentery,  the 
meso7rhiufn,  in  which  fold  are  contained  the  vessels  &  nerves  of  the  testicle. 
The  descent  of  the  testicle  is  effected  as  follows,  according  to  Curling:  - 

To  the  tail  of  the  epididy77iis  is  attached  the  upper  enlarged  extremity  of  a  conical  mus- 
cular cord,  the  giibernaculum  testis^  which  cord  passes  down  upon  the  psoas  beneath  the 
peritoneum,  and  descends  through  the  inguinal  canal  into  the  bottom  of  the  scrotum, 
where  it  ends  in  a  pointed  extremity  attached  to  the  dartos. 

This  gubernaculum  testis  is  formed  by  the  cremaster  muscle.  The  cremaster, 
before  its  inversion  in  the  course  of  the  descent  of  the  testicle,  is  a  tube  of  striped  muscular 
fbres  attached  superiorly  to  the  tail  of  the  epididymis,  and  divided  inferioi-ly  into  three 
processes,  which  processes  are  attached  respectively,  the  external  &  broadest  one  to  Poupart's 
ligament  in  the  inguinal  canal,  the  middle  &  longest  one  to  the  dartos  at  the  bottom  of  the 
scrotum,  and  the  inner  one  to  the  front  of  the  pub  es  &  to  the  sheath  of  the  rectus  muscle;  this 
tube  surrounds  a  process  of  cellular  tissue,  which  process  appears  sometimes  to  be 
partially  hollow. 

The  conjoined  action  of  the  three  muscular  fasciculi  of  the  gubernaculum  draws  the 
testicle 

Between  the  5th  &  6th  Months  -  into  the  iUac  fossa,  and 

By  the  7th  Month  -  into  the  inguinal  canal.  -  The  conjoined  action  of  the  internal  &  middle 
fasciculi  draws  the  testicle 

During  the  7th  &  8th  Months  -  Through  the  inguinal  canal.  -'L^^tly  the  middle  fasciculus 
draws  the  testicle 

By  end  of  8th  Month  -  into  the  bottoju  of  the  scrotum. 
During  the  descent  of  the  testicle 

Its  proper  peritoneal  covei'ing  becomes  elongated,  and  forms  the  tunica  vaginalis 

propria  ; 

The  parietal  layer  of  peritoneum  over  the  internal  abdominal  ring  is  depressed 
into  the  scrotum,  and  forms  the  tunica  vaginalis  reflexa  ; 
The  fascia  transversalis  is  similarly  depressed,  and  forms  the  infundibuliform 

fascia  &  the  fascia  p7^opria  ; 
The  muscular  fibi'es  of  the  gubei'nacuhim  are  everted,  and  become  external  to  the 
process  of  peritoneum  &  to  the  fascia  transversalis,  and  form  the  cremas- 
teric fascia, 

Cleland,  Daltos,  &  others  maintain,  however,  that  the  gubernaculum  testis,  whatever  be  its 
nature  &  functions  in  some  of  the  lower  animals,"  is  not  in  man  a  uiuscular  organ  ;  that  it 
takes  no  active  part,  at  least  in  man,  in  the  descent  of  the  testicle,  which  descent  is,  they  say, 
occasioned  by  the  process  of  growth  taking  place  in  different  directions  at  successive 
periods  of  fcBtal  life ;  also  that  the  process  of  peritoneuju  which  subsequently  forms  the 
tunica  vaginalis  reflexa,  far  from  being  depressed  by  the  testicle  during  its  descent 
passes  down  on  the  couivaxy,  in  advance  of  the  testicle,  wldclildbtteY  ovQ3in  then  entQrs  into* 
n  preformed  pouch  patent  &  ready  to  receive  it. 
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THE  DESCENT  of  the  OVARY. 


The  ovaiy  lies  at  first  in  the  female  erabi'yo  in  the  same  position  as  does  the  testicle  in  tho 
male,  and  is  similarly  enveloped  by  peritoneum  and  similarly  connected  to  the  guberna- 
culum.  This  latter  crosses  the  Miillerian  duet  posteriorly,  and  then  courses,  as  in  the 
male,  through  the  inguinal  canal,  and  is  lost  in  the  subcutaneous  tissue  in  front  of 
the  pubea. 

It  is  that  portion  of  Muller's  duct  which  lies  internally  to  the  gubernaculum,  that  enters  into 

the  formation  of  the  uterus,  and  that  portion  which  lies  externally  to  the  gubernaculum, 

that  foi'ms  the  Fallopian  tube. 
The  gubernaculum  itself,  becoming  adherent  to  the  point  of  junction  of  these  two  portions  of 

the  internal  genitals,  forms,  in  its  upper  part,  the  ligament  of  the  ovary,  and  in  its  lower 

part,  the  round  ligament  of  the  uterus. 
As  the  ovaries  descend,  they  pass  below  &  behind  the  Fallopian  tubes,  which  necessarily  per- 

form  at  the  same  time  a  movement  of  rotation  from  above  downwards  &  from  before 

backwards. 

The  round  ligament,  the  Fallopian  tube,  and  the  ovary  &  its  ligament,  become  enveloped  in 
double  folds  of  the  peritoneum,  which  enlarge  with  the  growth  of  these  organs  and  con- 
etitute  the  broad  ligaments  of  the  uterus. 
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THE  PLEURO-PEBITONEAL  CAVITY. 


Is  the  intra-foetal  portion  of  the  ppace  formed  on  either  side  of  the  common  reproductive  cell 
mass  by  the  splitting  of  the  mesoblast  into  splanchnopleure  &  somatoplenre ;  ~- the 
extra-foetal  portion  of  this  space  being  the  space  comprised  between  the  amnion  proper 
&  the  false  amnion,  into  which  space  the  allantois  spreads  out  to  form  the  endochorion. 

This  space  is  divided  from  the  first  into  two  lateral  halves  by  a  mesial  septum  formed  of 
two  peritoneal  layers. 

Each  lateral  half  is  then  divided  by  the  formation  of  the  diaphragm  into  an  tipper,  thoracic,  or 

pleural  portion,  and  a  lozuer,  abdominal,  or  peritoneal  portion. 
The  two  halves  of  the  thoracic  or  pleural  portion  remain  distinct,  the  mediastina  &  the  heart 

being  included  between  them.*  -  The  pleura  covers  at  first  but  the  outer  surface  of 

the  lung  ;  it  invests  the  organ  more  completely  as  soon  as  the  latter  becomes  detached 

from  the  oesophagus. 

In  the  lower  or  abdominal  portion,  the  two  cavities  become  fused  into  one  in  front  of  the 
intestine. 

The  mesial  septum  persists,  however,  behind  the  intestine. 

Behind  that  central  portion  of  the  intestine  which  curves  forwards  towards  the 
umbilicus,  joins  with  the  umbilical  vesicle,  and  forms  the  small  intestine,  it  forms  the 
viesentejy  proper. 

Behind  the  portion  above  this,  i.e.,  behind  what  becomes  the  transverse  colon,  it 
similarly  forms  the  transverse  meso-colon. 

A  little  higher  up,  i.e.,  behind  what  becomes  the  stomach,  it  forms  the  meso-gasirium, 
which  latter  fold  becomes,  on  the  one  hand,  the  lesser  or  gastro- hepatic  omentum,  and 
comes  to  form  part,  on  the  other  hand,  of  the  greater  or  gastro-colic  ovientum. 

Higher  np  still,  it  invests  the  liver,  and 'forms  its  suspensory  6^  coronary  ligaments. 

*  The  sei'ous  layer  of  the  pericardium  may  be  considered  as  the  central 
portion  of  the  two  pleurse  cut  of  from  the  remainder  by  the  formation  of 
the  fibrous  bag,  and  fused  Into  one  cavity. 

TRANSFORMATIONS  of  the  MESO-GASTRIUM.-GREATER  &  LESSER 

OMENTA —SAC  of  the  OMENTUM. 

The  stomach  first  occupies  a  mesial  position.  The  meso-gastrium  is  then  a 
mesial  fold,  the  anterior  border  of  which  is  free.  Superiorly,  this  anterior 
border  passes  up  to  the  liver  to  form  the  lesser  or  gastro-hepatic  omentum. 
Inferiorly,  it  becomes  lost  on  the  posterior  Avail  of  the  abdomen  a  little 
above  the  transverse  meso-colon. 

As  the  stomach  turns  over  to  the  right,  so  does  also  the  lesser  or  gastro- 
hepatic  omentum  :  -  This  fold  comes  to  form  part  of  the  anterior  ivall  of 
the  omental  sac  ;  and  its  free  border  comes  to  form  the  anterior  boundary 
of  the  foramen  of  Winslow. 

As  the  stomach  elongates  &  expands,  so  does  also  the  lower  part  of  the 
meso-gastric  fold :  -  This  fold  comes  to  form  the  great  omentum,  into 
which  the  omental  sac  is  prolonged. 

A  distinction  must  here  bemade  between  the  great  omentum  of  the  foetus 
young  child,  and  great  or  gastro-colic  omentu.m  of  the  adult :  -  In  the 
early  condition,  the  two  posterior  or  ascending  layers  of  the  great  omentum 
pass  up  in  front  of  the  transverse  colon  without  adhering  to  it,  and 
t'hen  pass  backwards  to  the  spine  above  the  transverse  meso-colon,  with 
which  they  are  in  no  wise  connected.  At  the  spine,  the  two  layers 
separate  :  -  The  superior  one  passes  up  to  the  liver.  The  inferior  one  passes 
forwards  to  the  transverse  colon,  forming  the  upper  layer  of  the  trans- 
verse meso-colon;  surrounds  the  transverse  colon;  passes  back  to  the 
spine,  forming  the  under  layer  of  the  transverse  meso-colon  ;  and  then 
descends  to  form  the  mesentery  proper.  There  exists  therefore  a  depression 
or  pouch  between  the  most  posterior  of  the  four  layers  of  the  great 
omentum  &  the  upper  layer  of  the  transverse  meso-colon.  In  the  more 
advanced  condition,  this  pouch  disappears  little  by  little  by  the  adhesion 
of  its  walls  one  to  the  other.  This  leads  to  the  fusion  of  the  two  ascend- 
ing layers  of  the  great  omentum,  the  one  with  the  upper  layer,  the  other 
with  the  under  layer  of  the  transverse  meso-colon,  respectively.  The 
great  omentum  of  the  foetus  then  becomes  the  gastro-^ij/^V  omentum  of 
the  adult. 


DEVELOPMENT  OF  THE  BONES. 


I. 

SKELETAL  MATRIX  AND  DEVELOPMENT  OF  BONE  TISSUE. 

(Pages  1T2  to  179.) 
II. 

OSSIFICATION  OF  THE  INDIVIDUAL  BONES. 

(Pages  180  to  192.) 
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THE  SKELETON. 


The  skeleton  is  developed  from  tlie  middle  germinal  layer,  or  mesoblast. 

Its  ossification  is  jDrcceded  (except  in  the  vault  of  the  skull  and  the  greater  pait  of  the  face) 
by  the  oLondrification  of  the  skeletal  matrix,  the  formation  of  which  matrix  is  preceded 
by  the  appearance  of  the  choi^da  dorsalis  or  notochord. 


CHORDA  DOHSALIS  or  NOTOCHORD  -  is  a  delicate  semi-paque  thread  which  appears 
beneath  &  parallel  to  the  primitive  trace  or  groove  immediately  after  the  formation 
of  the  latter.  It  forms  the  basis  round  which  both  the  bodies  of  the  vertebras, 
and  the  posterior  or  occipito-sphenoid  part  of  the  base  of  the  skull  are  subsequently 
developed. 

Its  mode  of  origin  is  still  a  disputed  point,  and  its  tissue-behaviour  is  peculiar; 
as  are  also  its  relations  to  the  spinal  column,  the  base  of  the  skull,  and  the  pituitary 

body. 

Its  Mode  of  Origin  &  Tissue-behaviour. 

It  has  usually  been  considered  as  derived  from  the  middle  layer  or  meso. 
blast ;  and  to  be  cellular  in  structure  at  first,  but  soon  to  become  cartilaginous. 

It  has  recently  been  attributed,  however,  on  the  one  hand,  to  the  under 
layer,  or  hypoblast  (Hensen,  Balfour),  and,  on  the  other  hand,  to  the  upper 
layer,  or  epiblast  (Mihalkovics).  -  Modern  research  has  certainly  shown  it  to 
be  structurally  allied  to  epithelium  rather  than  to  cartilage:  There  is  never 
any  penetration  of  its  substance  either  by  connective  tissue,  or  by  blood-vessels, 
or  by  any  other  mesoblastio  elements. 

Apparently,  it  is  not  absolutely  confined,  to  vertebrata  (Kowalevsky). 

Its  Relations  to  the  Spinal  Column,  the  Base  of  the  Skull,  &  the 

Pituitary  Body. 

It  l  uns  first  between  the  protovertebrse,  and  then  through  the  temporary 
&  the  permanent  vertebral  bodies  &  intervertebral  discs,  the  odontoid  process 
of  the  axis,  and  the  posterior  or  occipito-sphenoid  portion  of  the  base  of  the 
skull,  being  first  swollen  opposite  the  centre  &  constricted  opposite  the  upper 
&  lower  borders  of  each  protovertebra,  and  subsequently  (when  the  proto- 
vertebra?  have  given  place  to  the  permanent  vertebra)  swollen  opposite  the 
centre  of  each  vertebral  disc,  and  constricted  opposite  the  centre  of  each  per- 
manent body.  It  is  likewise  swollen  opposite  the  three  intervals  between  the 
body  of  the  axis  &  the  odontoid  process,  between  the  odontoid  process  &  the 
basi-occipital  bone,  and  between  the  basi-occipital  &  the  basi-sphenoid.  -  It 
does  not  pass  through  the  anterior  arch  of  the  Atlas. 

In  front  of  the  last  named  enlargement  it  curves  downwards  &  forwards 
beneath  the  floor  of  the  pituitary  fossa,  tapers  to  a  fine  fi'ament,  and  is  lost 
between  the  infundibulum  cerebri  &  the  hypophysis,  i.e.,  between  what  become 
respectively  the  anterior  or  glandular  &  the  posterior  or  cerebral  portions  of 
the  pituitary  body  (Mihalkovics). 
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THE  SKELETAL  MATRIX  ~lst  Tablet. 


CRANIO-SPINAL  PORTION  (General  View). 

Is  developed  from  tlio  verlebral plaies  (V.  General  Development  of  the  Embrj'o). 
These  plates  present  the  following  peculiarities  in  the  (1)  Spinal,  and  (2)  Ci-anial  & 

Central  facial  poriioiis,  i-espectively  : 

Spinal  Portion. 

1  -  A  transverse  segmentation  resulting  in  the  formation  of  W^q  proto7.>crtehra, 

2  -  A  longitudinal  differentiation  of  the  protovertebrse  separating  their  outer  halves, 

which  become  the  inuscitlar  plaies  from  their  inner  halves,  which  form  the 
temporary  vertebral  bodies,  or  protovertebral  bodies. 

3  -  The  fusion  of  these  inner  halves. 

4  -  The  rcsegmentation  of  these  inner  halves  resulting  in  the  formation  of  : 

A  -  Internally  -  The  Permanent  Vertebral  Bodies,  &^  Intervertebral  discs  ; 
B  -  Externally  -  The  Spinal  Ganglia,  and  the  Roots  of  the  Spinal  Nerves, 
in  front ;  and  the  Vertebral  Lamina  &  Processes  and  the  Posterior  Ends  of 

the  Ribsj  behind. 

Cranial  &  Central  Facial  Portions. 

The  division,  ivithotct  any  previoiis  protovertebi-al  segmentation,  of  the  base  of  the  skull 
opposite  the  two  ajiterior  swellings  of  the  notochord  into  the  three  following 

portions  :  - 

Basi-occtpital  Formed  round  the  anterior  part  of  the  notochord  by 

Basi-Spiienoid  y        Investing  Mass  of  Rathke. 

Spheno-Ethmoid  *  -  Formed  in  front  of  the  termination  of  the  notochord 
from  the  Trabecules  Basis  Cranii  of  Rathke. 

*  The  term  Spheno-Ethinoid  is  not  a  good  one,  for  it  is  not  only  the 
ethmoid  &  the  anterior  portion  of  the  sphenoid  which  are  developed 
from  the  Trabccula?,  but  also  the  lachrymal,  nasal,  inter  maxillary ^ 
inferior  turbinated,  <ir  vomer.  (V.  Skeletal  Matrix,  -  4th  Tablet). 
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THE  SKELETAL  MATBIX.~-2nd  Tablet. 


THE  SPINAL  COLUMN. 


Its  evolution  presents  therefore  for  examination :  - 

ProtOVertebral  Segineiltd,tion  -  Commences  in  the  upper  part  of  the  cervical  region 
before  the  complete  closui'e  of  the  medullary  canal,  and  extends  in  succession 
through  the  dorsal,  lumbar,  sacral,  &  coccygeal  regions.  It  results  in  the  for- 
mation, on  either  side  of  the  whole  length  of  the  spine,  of  a  series  of  small  dark 
quadilateral  masses,  the  primordial  Vertehrce  or  protovertebrce,  corresponding  in 
number  to  the  future  vertebrae ;  of  which  masses,  however,  the  first  or  upper 
oniBS  are  modified  and  disappear  before  the  last  or  lower  ones  are  formed. 

Differentiation  of  the  Outer  Halves  of  the  Frotovertebrse  forming  the 

Muscular  Plates  -  (Vide  Development  of  the  Organs). 

Fusion  of  the  Inner  Halves  of  the  Protovertebrss  -  Takes  place  also  from 

before  backwards,  though  in  a  somewhat  less  regular  manner  than  the  segmen- 
tation, and  precedes  the 

Re-Segmentation  of  these  Inner  Halves  -  Vide  next  Tablet. 
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THE  SKELETAL  MATRIX —3rd  Tablet. 


THE  SPINAL  COLUMN  (Continued). 


RE-SEGMENTATION  of  the  INNER   HALVES  of  the  PROTO- 
VERTEBRjE,   RESULTING  in  the  FORMATION  of 

IntErnally:  - 

The  Permanent  Vertebral  Bodies,  &  Interveutebral  Discs. 

The  lines  of  separation  between  the  permanent  vertebrae  do  not  cor- 
respond to,  but  are  on  the  contrary  intermediate  between,  the  primitive 
lines  of  separation  between  the  protovei'tebroe.  Each  pi'otovertebral  body 
forms  therefore,  anieriorly,  the  posterior  half  of  one  permanent  vertebral 
body,  and,  posteriorly^  the  anterior  half  of  the  following  one.  And,  con- 
versely, each  permanent  vertebral  body  is  formed,  anteriorlyy  by  the 
posterior  ha'f  of  one  protovertebral  body,  2iX\^,  posteriorly,  by  the  anterior 
half  of  the  following  one.  Hence  the  varying  position  of  the  swellings  of 
the  chorda  with  respect  to  the  spinal  elements. 

Externally :  - 

The  Spinal  Ganglia,  and  the  Eoots  of  the  Spinal  Nerves,  in  Front;  and 
the  Vertebral  Lamina  &  Processes,  and  the  Posterior  Ends  of  the 
EiBS,  Behind. 
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THE  SKELETAL  MATKIX.~-4th  Tablet. 


BASE  of  the  CRANIUM,  &  CENTRAL  PARTS  of  the  PACE. 

The  matrix  of  the  base  of  the  cranium  is  divided  opposite  the  anterior  enlargements  of  tho 

chorda  dorsalis  into  three  portions,  Avhich  are  from  behind  forwards  the  Basi-occipital, 

the  Basi-sphenoid,  &  the  Sphcno-dhinoid. 
The  basi-oecipital  &  the  basi-sphenoid  are  formed  from  the  Undivided  Investing  Mass 

of  Rathke.    The  spheno-ethmoid  and  the  central  parts  of  the  face  are  formed  from 

Trabeadce  Basis  Cranii  of  Ratlikc. 

Undivided  Investing  Mass  of  Rathke  -  This  is  a  thickened  deposit  of  mesoblastic 
elements  thus  called  on  account  of  its  investing  the  cephalic  portion  of  the 
chorda  dorsalis,  and  of  its  not  being  affected  by  the  protovertebral  segmentation. 

In  the  middle  line  it  extends  from  the  swelling  of  the  chorda  dorsalis  above 
the  apex  of  the  odontoid  process  to  the  terminal  swelling  of  the  same  a  little 
below  and  behind  the  pituitary  fossa,  and  suppoits  therefore  both  the  posterior 
&  the  middle  primary  encephalic  vesicles. 

It  is  opposite  the  swelling  of  the  chorda  intermediate  between  the  two  swell- 
ings above  mentioned,  that  the  investing  mass  divides  into  the  basi-occipital, 
on  the  one  hand,  the  basi-sphenoid,  on  the  other. 

Laterally  the  investing  mass  extends  on  either  side  of  the  middle  line  to 
form  the  matrices  for  the  condylar  portions  of  the  occipital,  for  the  greatsr 
wings  &  external  pterygoid  plates  of  the  sphenoid,  and  for  the  periotic  cartilage 
or  future  petrous  portion  of  the  temporal  bone. 

TrabeCUlse  Basis  Cranii  of  Rathke  -  Form  another  and  similar  deposit  of  meso. 

blastic  elements  bifid  both  in  front  &  behind,  in  which  latter  situation  it 
embraces  the  pituitary  fossa,  while  in  front  the  two  halves  unite  to  form  tho 
septum  of  the  nose. 

In  the  middle  line  this  deposit  extends  forwards  into  the  frontal  process 
(V.  Development  of  the  Face),  and  forms  the  matrices  for  the  ethmoid,  nasal, 
lachrymal,  intermaxillary,  inferior  turbinated,  &  vomer. 

Laterally  it  spreads  out  on  either  side  of  the  middle  line  to  form  the  matri- 
ees  of  the  lesser  wings  of  the  sphenoid. 
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THE  SKELETAL  MATRIX -5th  Tablet. 


THE  REMAINDER 


Is  laid  down  in  the  following  portions  of  tlie  somatopleure 


Se^niented  Portion  -  (Beanchial,  Visceral,  or  Pharyngeal  Arches)  s 

Malar,  Supe-rior  Maxillary  &  Palate  Bones,  and  Internal  Pterygoid  Plates 
OF  THE  Sphenoid.  -  In  superior  of  the  two  processes  of  first  branchial  arch. 

Inferior  Maxillary  Bone  &  Malleus  -  In  lower  process  of  the  same  arch,  the 
latter  from  back  part  of  Meckel's  cartilage. 

Incus  (probably)*,  Stapes,  Styloid  Process,  Lesser  Cornu  op  Hyoid  Bonb  -  In 
second  branchial  arch. 

Body  &  Greater  Cornu  of  Hyoid  Bone  -  In  third  branchial  arch. 


XJnsegmented  Portion; 

Shafts  of  the  Ribs,  &  Lateral  Halves  op  the  Sternum. 
Scapula,  Clavicle,  &  the  three  Segments  op  Innominate  Bone. 


Appendicular  Portions  which  constitute  the  Limbs : 

Long  &  Short  Bones  of  the  Limbs. 

•  It  has  been  said  that  both  t|ie  Malleus  &  the  locus  are  developed  from  the  back 

part  of  Meckel's  cartilage. 


P. 


178 


CHONDRIFICATION  of  the  SKELETAL  MATRIX. 


Chondrification  talces  place  mainly  during  the  fifth  6^  sixth  weeks  of  fcxital  life. 

Cliondrification  of  the  arches  of  the  vertebra  commences  in  the  dorsal  regionj. 
and  then  spreads  forwards  into  the  cervical  region,  and  backwards  into  the  lumbar 
&  sacral.  No  arches  are  formed  in  the  coccygeal  vertebrae.  Those  of  the  one  or 
two  last  sacral  vertebrso  do  not  join  behind. 

A  narrow  cartilaginous  band  forms  the  sub-central  portion  or  anterior  arch  of 
the  atlas,  which  arch  is  quite  distinct  from  the  body  &  odontoid  process  of  the 
axis,  and  out  of  the  line  of  prolongation  of  the  chorda  dorsalis. 

The  matrices  for  the  posterior  part  of  the  ribs  are  formed  in  conjunction  with 
the  vertebral  arches  &  processes. 

The  bones  of  the  vault  of  the  shiill  and  the  hones  of  the  face  (the  inferior 
turbinated  bone  excepted)  are  ossified  in  membrane. 
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THE  DEVELOPMENT  of  BONE  TISSUE. 


There  are  three  modes  of  ossificafcion,  the  infra-inenibranous,  the  mird'cartilaqinotis,  &  the  siih-pcriosteal. 

In  the  two  first,  the  process  begins  in,  and  radiates  from,  special  fixed  points  termed  points 
or  centres  of  ossification, 

INTKA-MEMBEANOUS  OSSIFICATION  —  By  this  process  are  developed  the 
bones  of  the  vault  of  the  shill  and  all  the  hones  of  the  face,  except  the  inferior  turbinated. 
In  the  membrane  which  occupies  tlie  position  of  the  future  bone,  fine  spicula,  the 
osieogenic  fibres,  are  seen  to  radiate  fivm  the  points  of  ossification  and  to  form  a  delicate 
network.  These  fibres  aro  fii'st  clear  and  transparent,  but  they  soon  become  opaqae 
through  calcification. 

Large  granular  corpuscles,  the  osteoblasts,  lie  upon,  and  within  the  meshes  of,  the  osteo- 
genic fibres,  and  more  or  less  conceal  them  (they  musb  be  Avashed  away  before  the 
fibres  can  well  bo  seen).  These  osteoblasts  probably  yield  or  secrete  the  substance 
of  which  the  fibres  are  formed. 

As  ossification  spreads,  the  deposit  grows  over  the  osteoblasts  and  incloses  them.  The 
cavities  in  which  the  osteoblasts  aro  inclosed  become  the  lacicncB. 

It  is  not  yet  known  whether  the  canalicidi  are  left  as  vacuities  in  the  osseous  deposit,  ox 
whether  they  are  subsequently  formed  by  absorption. 

INTRA-CARTILAGINOUS  OSSIFICATION.  —  By  this  process  are  developed  all 
the  hones  of  the  body,  except  the  bones  of  the  face  (the  inferior  turbinated  excepted), 
and  the  bones  of  the  vault  of  the  skiili. 
If  a  section  be  made  throiigh  a  point  of  ossification  in  cartilage,  and  the  tissues  be  exp^mined 
from  the  cartilage  towards  the  bone,  three  distinct  strata  will  be  seen  :  - 

1.  A  layer  of  cartilage  in  which  the  cells  are  rapidly  increashig  in  munbcr, 
are  flattened  from  above  downwards  &  arranged  one  above  the  other  in  oblong 
diverging  groups,  between  which  groups  the  matrix  appears  in  the  shape  of  clear 
diverging  and  obliquely  intercommunicating  lines.  -  In  the  vicinity  of  the  bone  tlietje 
cells  are  rounded  and  greatly  increased  in  size,  and  the  groups  they  form  are  enclosed 
betAveen  da^-k  lines  of  ossification  Avhich  shoot  up  into  the  clear  spaces  of  the  cartilage, 
and  form  what  are  called  W\q,  primary  ajrolce. 

2.  A  layer  of  calcified  matrix,  iii  the  primaiy  areolce  of  which  the  cartilage  cell/'S 
are  replaced  by  granular  corpuscles,  or  osteoblasts,  similar  to  those  described  in  the 
intra-membranous  mode  of  ossification.  -  Whether  those  granular  corpuscles  aro 
formed  by  the  iDroliferation  of  the  cartilage  cells  (Miiller)  or  whether  they  are  de- 
rived from  the  vessels  of  the  pei-iosteum  (Sharpey),  is  still  uncertain.  Neither  are 
their  subsequent  transformations  clearly  made  out,  for  Avhile  they  ai'e  believed  by 
some  to  form  the  primitive  marrow,  the  lacunJB  being  then  developed  from,  the 
cartilage  cells  (Kolliker,  Wirchow),  they  are  believed  by  others  to  secrete  the 
osteogenic  substance,  and  to  form  the  lacunae  by  becoming  imbedded  in  tho 

-  ossification, 

3.  A  layer  of  bone,  in  wliich,  by  the  absorption  of  the  septa  which  separate 
them,  the  primary  areolai  are  becoming  fused  into  larger  spaces,  the  secondary 
areolcB,  or  v:ednllaiy  spaces  of  Mtlller.  These  secondary  areolso  go  on  increasing  in 
size  by  further  absorption  &  coalescence,  their  walls  becoming  thickenel  at  the 
same  time  by  the  deposit  of  noAV  bone  on  their  internal  surface. 

SUB-PERIOSTEAL  OSSIFICATION  —  The  increase  in  girth  of  long  bones  takes 
plJice  by  this  process,  Avhich  consists  in  the  deposit  of  blastema  hetzveen  the  periosteum 
&^  the  hone,  which  blastema  is  subsequently  transformed  into  bone  by  a  process 
similar  to  intra-membranous  ossification.  -  According  to  Kolliker  &  H.  Miiller, 
a  considerable  portion  of  the  shaft  of  long  hones  is  also  formed  by  this  mode  of  ossifica- 
cation,  an  osseous  tube  surrounding  the  primordial  cartilage  being  developed  before 
the  ossification  of  the  internal  mass  begins. 

While  long  bones  are  thus  increasing  in  girth  by  the  deposition  of  new  bone 
on  their  exterior,  their  medullary  canal  is  becoming  enlarged  by  absorption  from, 
within.  Long  bones  also  increase  in  length  by  extension  of  the  layer  of  cartilage 
comprised  between  the  diaphysis  &  the  epiphysis  (epiphysial  cartilage)  and  by  the 
progress'.ve  ossification  of  such  layer  of  cartilage. 


OSSIFICATION  of  the  INDIVIDUAL  BONES~V.  twelve  following  Tablets 
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OSSIFICATION  of  the  SPINE -1st  Tablet. 


V£iRT!EiBRi^  GENERALLY  -  Pevelopea  in  cartilage  from  three  primary  centres,  and 

five  secondary  ones, 

PKIMARY  CENTRES:- 

Two  Lateral  ~  For  Laminj;,  Processes,  &  Lateral  Part  op  Body  -  In  transverse 

processes ;  6tli  week. 

One  Central  -  For  Central  &  Greater  Part  of  Body  -  Centre  of  body ;  8th 

week. 

Ossification  from  central  centres  commences  about  9th  or  10th  dorsal 
vertebra,  and  proceeds  along  spine  in  both  directions.  Ossification  from 
lateral  centres  commences  at  upper  part  of  spine,  and  extends  downwards. 

Portion  of  dody  formed  from  central  centres  diminishes,  and  portion  formed 
from  lateral  centres  increases  from  below  upwards :  -  Bodies  of  sacral  ver- 
tebraB  are  formed  almost  entirely,  and  bodies  of  lumbar  vertebrae  to  but  a 
slightly  less  extent,  from  central  centres.  In  dorsal  region  ossification  from 
lateral  centres  advances  to  just  beyond  costal  facets.  In  cervical  region  the 
whole  lateral  portions, — projecting  lip  at  each  side  of  upper  surface,  &  cor- 
responding  concavity  at  each  side  of  under  surface, — are  formed  from  lateral 
centres. 

The  lamince  are  joined  to  each  other  during  1st  year  j  the  arches  are  joined 
to  the  body  during  3rd  year, 

SECONDARY  CENTRES  -  For:- 

Tips  of  Spinous  &  Transverse  Processes  -  One  each,  ]  6th  year.  -  (The  tip 

of  each  transverse  process  has  sometimes  two  centres,  but  these  are  generally 
more  or  less  united). 

Upper  &  Under  Surfaces  of  Body  -Two,  -  21st  year,  -  for  two  thin  circular 
plates  thickest  at  circumference,  of  which  plates  the  upper  one  is  the  thickest. 

These  secondary  centres  join  with  remainder  of  the  bone  about  30th  year. 
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OSSIFICATION  of  the  SPINE -2ncl  Tablet, 


ATLAS. 

Two  Lateral  Primary  Centres  -  In  articular  processes,  7tli  or  8th  week  J  for  lateral 
masses  &  posterior  arch.  -  These  centres  correspond  to  the  lateral  centres  of  the  other 
vertebrae. 

The  two  halves  of  the  posterior  arch  unite  during  3rd  year,  their  union  being  fre- 
quently preceded  by  the  appearance  of  a  median  spinal  centre. 

The  Atlas  having  no  body,  has  no  central  primary  centre ;  the  anterior  arch  re- 
mains therefore  as  a  simple  band  of  cartilage  for  a  considerable  time.  It  is  ossified 
sometimes  by  extension  of  osseous  tissue  from  the  latei-al  masses,  at  other  times 
from  either  one  central  or  two  lateral  secondary  centres  appearing  in  1st  year.  When  ossified 
separately,  the  anterior  arch  joins  with  the  lateral  masses  in  5th  or  6th  year. 

AXIS. 

Three  Centres  for  Body  -  Two  lateral  and  one  median ;  the  two  former  appearing 
in  7th  or  8th  week  for  lajnince  &  processes ;  the  latter  appearing  in  6th  month  for 
lower  part  of  body. 

Three  Centres  for  Odontoid  Process  -  Two  lateral,  &  one  median. 

The  former  for  lower  part  of  the  process,  6th  or  7th  month.  -  These  centres  unite 
before  birth  into  a  bi-lobed  conical  mass  deeply  cleft  above,  which  joins  with  body 
during  3rd  year.  ^ 

The  latter,  for  apex^  appears  at  a  later  date  in  the  wedge-shaped  piece  of 
cartilage  which  fills  up  the  cleft  (Humphry). 

SEVENTH  CERVICAL  VERTEBRA  -  Anterior  part  of  transverse  process  is  developed 
from  a  separate  centre  which  appears  about  6th  month ;  it  joins  posterior  part  and  body 
between  5th  &  6th  years.  Sometimes  this  portion  of  the  bone  remains  separate, 
and,  extending  outwards,  developes  into  a  cervical  rib. 

The  anterior  part  of  the  other  cervical  transverse  processes  is  usually  ossified  by 
Extension  of  osseous  tissue  from  lateral  primary  centres.  Additional  centres,  but 
appearing  much  later,  have  however  been  observed  in  the  sixth  &  even  the  fifth 
vertebrae  (Meckel). 

LUMBAR  VERTEBRA  -  Two  additional  centres  for  tubercles  on  back  of  superior  articular 
processes.  y 

The  transverse  process  of  the  first  lumbar  vertebra  is  sometimes  developed  from 
a  separate  centre,  and  may  then  remain  permanently  unconnected  with  the  rest  of 
the  bone,  forming  a  lumbar  rib,  ^ 
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OSSIFICATION  of  the  SPINE  -  3rd  Tablet 


THE  SACRUM  -  Thirty-five  centres,  wliich  may  be  grouped  as  follows :  - 

Fifteen  Primary  Centres  -  Namely,  three  for  each  of  the  five  vertebrae,  as  follows: 

One  For  Body  -  Sfcli  or  Oth  week  in  tlie  three  upper  vertebrse,  rather  later  in  the  two 

lower  ones. 

Tavo  poe  Laminj3,  Spinous,  Posterior  Transverse,  &  Articular  Processes,  and  Small 

Portion  op  Body  -  6th  month. 

Twenty  Secondary  Centres  -  Which  may  be  grouped  as  follows :  - 

For  Anterior  Transverse  Processes  of  the  Three  Upper  VERTEBRiE  -  Three  on  each 
side,  above  &  externally  to  antexior  sacral  foramina,  7th  month. 
For  Upper  &  Under  Surfaces  of  Bodies  -  Two  for  each  vertebra,  IGth  year. 
For  Auricular  Surfaces  &  Borders  -  Two  on  each  side,  ISfch  or  20th  year. 

The  bodies  are  at  first  separated  by  intervertebral  discs.  These  begin  to  ossify 
from  below  upwards  about  18th  year.  The  bodies  of  the  two  first  vertebrae, 
however,  are  not  united  before  25th  year,  or  later. 

The  lamincB  processes  are  joined  to  the  bodies,  and  the  several  lateral 
masses  to  each  other,  also  from  below  upwards,  union  taking  place  about 
2ud  year  in  the  lower  vertebrae,  about  5th  or  6th  year  in  the  npper  ones. 

The  tAYO  lateral  plates  join  with  remainder  of  the  bone  about  25th  year. 

Sometimes  thei-e  are  separate  centres  for  the  anterior  transverse  processes 
of  the  two  upper  vertebraD  only,  the  total  number  of  centi-es  being  then  reduced 
to  thirty. three. 

THE  COCCYX  -  The  four  coccygeal  vertebra3  are  usually  developed  each  of  them  from  one 
centre,  the  first  one  sometimes  from  two ;  ossification  commencing  in  the 
1st  vertebra       •       «       about  the  time  of  birth ; 
2nd     „  at.       from  5th  to  10th  year  J 

8rd     „  -       .       a  little  before  puberty ; 

4th     „  .       -       a  little  after  puberty. 

The  three  lower  verLebro)  join  together  before  the  middle  of  life;  the 
second  one  joins  with  the  first  at  a  later  period  ;  and  ultimately,  especially 
in  the  male,  the  first  vertebra  may  join  with  the  sacrum. 
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OSSIFICATION  of  the  BONES  of  the  SKULL. 


SPHENOID  -  Five  centres  for  eacli  lateral  lialf :  ^ 

-         Greater  Wing  &  Ext.  Pterygoid  Plate-  OnSjlietweou  foramen  ovale  &  foramen  rotanclum, 
Posterior  Part  of  Body  -  One,  in  situation  of  sell  a  turcica,  a  little  later.  [Sth  week. 

Lesser  Wing  &  Anterior  Part  of  Body  -  One,  jast  outside  optic  foramen,  Sth  or  9th. 

week.  -  Sometimes  anterior  part  of  body  is  ossified  form  a  separate  centre. 

Internal  Pterygoid  Plate  -  One,  4th  month. 
Sphenoidal  Turbinated  Bone  -  One,  3rd  or  4th  year. 

These  segments  unite  as  follows  :  - 
The  two  Centres  tor  Fosteuior  Part  op  Bod^  -  4th  month. 
Internal  Pterygoid  Plates  with  External  -  5th  or  6th  month. 
Lesser  Wings  &  Anterior  Part  of  Body  (which  form  together  what  is  sometimes 
called  the  presphemid)  with  Posterior  Part  of  Body  -7th  or  8th  month. 

At  birth  the  bone  consists  therefore  of  three  separate  portions,  the 
body  6^  lesser  wings  in  the  centre,  and,  on  either  side,  the  greater  wings  6^ 
the  pterygoid  frosesses. 
Gheater  Wings  with  Posterior  Part  of  Body  (forming  posts phenoid)  -  1st  year. 
Sphenoidal  TaRBiNATED  Bones  with  Presphenoid  -  10th  and  12th  year. 

Body  of  sphenoid  joins  with  occipital  about  18th  or  20th  year. 
TEMPORAL  -  Three  principal  centres  &  several  smaller  ones.  -  Consists  at  first  of  the  three  following 
Squamo-Zygomatic  -  One  centre,  near  root  of  zygoma,  7th  or  8th  week.        [portions  :  - 
Tympanic  -  One,  in  lower  part  of  outer  wall  of  tympanum,  3rd  month.  -  The  tympanic 
portion  is  an  imperfect  ring  deficient  in  its  ujDper  fourth,  and  grooved 
along  its  inner  surface  for  attachment  of  membrana  tympani. 
PetrO-Mastoid  -  Numerous  small  centres,  5th  or  6th  month.    The  first  centre  appears  over 
cochlea;  one  or  two  others  appear  soon  after  over  semi-circular  canals. 
These  centres  soon  unite,  and  ossification  then  extends  into  mastoid  portion. 
These  three  portions  unite  as  follows  :  - 
Tympanic  &  Squamo-Zygomatic  -  Before  birth. 
Squamo-Zygomatic  &  Petro-31astoid  -  1st  year. 

The  external  auditory  vieatus  deepens  gradually  by  extension  out- 
wards of  squamo-zygomatic  portion,  above,  and  of  tympanic  plate^  below. 
The  Glaserian  fissure  is  a  persistent  portion  of  the  primitive  fissure  between 
these  two  portions  of  the  bone. 

The  mastoid  proeess  begins  to  protrude  during  second  year ;  its  cells  are 
not  formed  till  puberty. 

The  styloid  process  ossifies  at  puberty,  but  does  nob  join  with  re- 
mainder of  the  bone  till  adult  age  is  reached. 

OCCIPITAL  -  Seven  centres.  -  Consists  at  first  of  the  four  following  portions  :  - 

Tabular  -  Pour  centres,  in  pairs  above  &  below  occipital  protuberance,  7th  or  8th  week. 
Condylar  )  One  centre  each,  a  few  days  later. 

Basilar     S  ... 

The  four  centres  for  tabular  portion  unite  very  early,  forming  a  thin 
plate  of  bone  fissured  above,  below,  and  at  either  side. 
Tliese  three  portions  unite  as  follows  :  - 
Tabular  &  Condylar  -  3rd  or  4th  year. 
Condylar  &  Basilar  -  5th  or  6th  year. 

The  persistence  of  the  lateral  &  supero-median  fissures  sometimes 
gives  rise  to  two  large  symmetrical  Wormian  bones. 

Occipital  joins  with  body  of  sphenoid  about  18th  or  20th  year, 

PARIETAL  -  One  centre,  iu  parietal  eminence,  7th  or  8th  week. 
ETHMOID  -  Three  centres 

Lateral  Mass  -  One,  in  orbital  plate,  4th  or  5th  month. 

Vertical     Cribriform  Plates  -  One,  1st  year. 

The  three  segments  unite  about  beginning  of  2nd  year. 
The  ethmoid  cells  ^re  formed  about  4th  or  5th  year, 

FKONTAL  ~  Two  centres,  one  for  each  lateral  half,  in  orbital  arch,  about  7th  week. 

The  two  halves  are  joined  by  a  suture  during  first  year,  and  byosseoua 
union  from  below  upwards,  usually  daring  the  second. 
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OSSIFICATION  of  the  BONES  of  the  PACE -1st  Tablet. 


LOWEE  JAW. 

Probably  *  principal  centre  for  each  lateral  half,  which  centre  appears  early 
in  5th  week  in  the  fibrous  tissue  on  outer  side  of  cartilage  of  Meckel ;  and  subsequently 
four  other  smaller  centres  for  coronoid  process^  condyle^  angle,  and  inner  side  of  alveolar  arch. 

The  two  halves  unite  during  1st  year,  ossification  of  the  symphysis  taking  place 
from  below  upwards. 

The  characteristics  of  the  bone  atbh-th,andforsome  time  afterwards,  are  as  follows 
Body  shallow ;  ramus  oblique  &  short  j  angle  obtuse j  coronoid  process  large;  mental 
foramen  near  lower  border. 

During  the  development  of  the  milk-teeth,  and  still  more  so  during  the  development 
of  the  permanent  teeth,  the  following  changes  take  place:-  Body  increases  in  length, 
depth,  &  thickness  ;  ramus  lengthens  also ;  angle  becomes  less  obtuse ;  and  the  mental 
foramen  further  removed  from  the  lower  border  :  In  the  adult  the  ramus  joins  with  the 
body  nearly  at  right  angles,  and  the  mental  foramen  is  as  far  removed  from  the  lower 
border  as  it  is  from  the  upper  one.  Further,  the  curve  of  the  alveolar  arch,  from  being 
semi-circular,  becomes  semi-elliptical ;  this  is  due  to  the  elongation  affecting  mainly 
the  posterior  part  of  the  body,  which  has  to  accommodate  the  large  perma/uent  molars. 

In  advanced  age  the  ramus  again  becomes  oblique,  and  the  angle  obtuse;  and  the 
mental  foramen  approaches  the  upper  border  through  the  alveolar  process  becoming 
absorbed  in  consequence  of  the  loss  of  the  teeth, 

UPPER  JAW. 

Probably  *  five  centres  appearing  about  6th  or  7th  week,  for 

Alveolar  Arch  ;        , , , 
Palatal  Portion  ^.        "  ' 
Orbital  &  Malar  Portions; 
Nasal  &  Facial  Portions  ; 

Incisor  Portion;  which  parts  unite  about  end  of  3rd  month. 

The  antrum  appears  about  4th  month  as  a  shallow  depression  on  inner  surface  of 
the  bone;  it  deepens  and  expands  in  the  outward  direction,  and  separates  the  orbital  & 
palate  portions  which  are  first  very  close  to  each  other. 

In  most  mammals  the  part  which  bears  the  incisor  teeth  is  a  separate  bone,  the 
in'ennaxillary  or  premaxillary  ;  and  for  a  long  time  in  the  human  subject  a  fissure,  the 
incisor  fissure,  may  be  seen  to  pass  outwards  from  the  incisor  foramen  to  the  alveolar 
border  internally  to  canine  tooth.  It  does  not  appear,  however,  that,  even  in  the  earliest 
stages,  this  fissure  has  ever  been  traced  upon  the  face,  or  that,  in  the  human  subject,  the 
intermaxillary  portion  has  ever  been  found  entirely  detached  from  the  remainder  of 
the  bone,  except  in  bad  cases  of  cleft  palate. 

Both  alveolar  arches  present  at  first  a  groove,  the  primitive  dental  groove  (Arnold, 
Goodsir)  in  which  the  tooth  germs  are  formed  (V.  Development  of  the  teeth).  This 
groove  is  deepened,  in  the  upper  jaw  by  the  down-growth  of  two  ridges  from  above,  in 
the  lower  jaw,  by  the  development  of  a  thin  plate  of  bone  on  the  innet  Surface  of  the 
body ;  it  is  then  divided  by  partitions  into  separate  chambers  for  the  several  tooth-sacs. 
The  alveoli  proper  are  formed  round  the  fangs  of  the  teeth  as  these  rise  to  their  final 
situation  in  the  gums. 


*  The  Jaw-bones,  first  the  lower  one  and  then  the  upper  one,  are  formed  so  very  early  -  before  any 
er  bone  except  the  clavicle  -  and  so  rapidly,  that  it  is  difficult  to  determine  their  primitive  condition. 
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OSSIFICATION  of  the  BONES  of  the  PACE -2nd  Tablet. 


PALATE  -  One  centre,  at  junction  of  horizontal  and  vertical  plates,  ^th  or  8th  week, 

LACHRYMAL  -  One  centre,  8th  week, 

NASAL  -  One  centre,  8tli  week, 

VOMER  -  One  centre,  near  upper  border,  8tli  week. 

From  this  centre  two  lateral  plates  are  developed  from  above  downwards,  one  on 
either  side  of  the  median  cartilage.  These  plates  unite  gradually  into  one  ;  and  by  the 
age  of  puberty,  the  ossified  septum  presents  a  mere  groove  on  its  antero-superior  border. 

MALAR  -  One  centre  (perhaps  two,  Darwin)  2nd  month, 

INFERIOR  TURBINATED  -  One  centre,  5tli  month. 

HYOID  -  Five  centres :- Three  for  body     greater  cormia  appearing  abOafc  9th  month;  two  for 
lesser  cornua  appearing  in  1st  year. 

The  cornua  join  with  the  body,  the  greater  ones  towards  the  middle  of  life,  the 
lesser  ones  in  advanced  age,  -  The  stylo-hyoid  ligaments  tire  frequently  ossified  in  part 
of  their  extent,  •  '•  •-  ^  " 
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OSSIFICATION  of  the  BONES  of  the  THORAX. 


STERNUM. 

NORMAL  CENTRES  -  Six.  -  One  in  centre  of  each  primitive  segment ;  - 

Manubrium  -  One,  5tli  or  6tli  month. 
Gladiolus  -  Fonr,  as  follows  :- 

First  &  Second  Segments  -  One  each,  6th  or  7th  month. 

Third  Segment  -  One,  9th  month. 

FouKTH  Segment  -  One,  1st  or  2nd  year  after  birth. 

Ensiform  Appendix  -  Oae,  between  2ncl  and  18th  years, 
ADDITIONAL  CENTRES  -  Are  not  unfrequently  met  with.    Thus  the 

Manubrium  -  May  have 

Two  centres  one  above  the  other,  of  which  the  upper  one  is  the  larger; 

or  three^  or  sometimes  six.  -  It  frequently  presents 
Two  small  Episternal  Centres,  one  on  each  side  of  interclavicular  notch. 

Second^  Third,  &  Fourth  Segments  of  Gladiolus  -  May  have 

Two  Lateral  Centres  Each  -  The  occasionally  imperfect  union  of  which 
centres  may  give  rise  to  a  sternal  foramen. 

The  ensiform  appendix      the  first  segment  of  the  gladiolus  have 
rarely  more  than  one  centre  each. 

UNION  -  Takes  place  between  the  above  pieces  as  follows  :- 

Gladiolus  -  (Prom  below  upwards)  : 

Third  &^  Fou7'th  Segvients  -  Soon  after  puberty. 

Second  6^  Third  Segments  -  Between  20th  and  25th  years. 

First  &=  Second  Segments  -  Between  35th  and  40th  years. 

MANUBrauM  &  Ensiporm  Appendix  -  Middle  period  of  life. 

Manubrium  &  Gladiolus  -  In  vei-y  advanced  age. 


RIBS  "  "^liJ^ee  centres  each,  except  in  case  of  two  last. 


Shaft  -  One,  in  posterior  part,  7th  or  8th  week.  -  Ossification  extends  rapidly,  and 

reaches  situation  of  permanent  (costal)  cartilage  about  4th  month. 


Head 
Tubercle 


Oneeachj  16th  to  20th  year;  join  with  shaft  about  25th  year. 

The  two  last  ribs,  having  no  tubercles,  are  ossified,  each  from 
two  centres  only. 
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OSSIFICATION  of  the  THORACIC  and  PELVIC  LIMB- 
GIRDLES. 


SCAPULA. 

One  Primary  Centre  for  Body  -■  A  littlo  behind  glenoid  cavity,  7th  or  8th  week. 

Soon  expands  into  a  triangular  plate,  from  upper  &  back  part  of  which  the 
spine  arises  as  a  transverse  ridge  about  3rd  month. 

Six  Secondary  Centres  -  For 

Middle  op  Coracoid  Piiocess  -  Isfc  year;  joins  with  remainder  of  the  bone  about  14th 

or  16th  year. 

About  the  same  time  there  appear  iu  quick  succession  five  ceutrea  for 
Base  op  Coracoid  Process, 
Base  op  Acromioi\, 

Lower  Angle,  &  Lower  Part  op  Posterior  Border, 

Tip  of  Acromion, 

Remainder  of  Posterior  Border. 

All  these  epiphyses  join  with  body  between  22nd  &  25th  years. 

Another  epiphysial  lamina  is  sometimes  developed  in  margin  of  glenoid  cavity. 


CLAVICLE  -  "Vide  Long  Bones  ivith  one  Epiphysis* 

INNOMINATE  BONE. 

Three  Primary  Centres  -  For 

Ilium  -  A  little  above  great  sacro-sciatic  notch  j  8th  or  9th  week. 

Ischium  -  In  body:  3rd  month. 

Pubes  -  In  horizontal  ramus  ;  4th  or  5th  month. 

At  birth,  processes  of  osseous  tissue  have  extended  into  the  acetabulum, 
from  each  of  the  three  parts  of  the  bone.  These  processes,  though  growing 
towards  centre  of  acetabulum  and  towards  each  other,  remain  separated  by 
a  Y-shaped  piece  of  cartilage  till  some  time  after  13th  or  14th  year,  for 
some  time  after  appearance  in  this  piece  of  cartilage  of  first  of  the  secondary 
points  of  ossification. 

The  rami  of  the  pubes  &  ischia  are  incompletely  ossified  till  about  Gth 
year  5  they  are  joined  together  about  7th. or  8th  year. 

Five  Secondary  Centres  -  Appearing  about  13th  or  14t;h  year,  for 
.  Y-SiiAPED  Piece  op  Cartilage  at  Bottom  of  Acetabulum. 

This  piece,  when  ossified,  connects,  about  17th  or  18th  year,  first  iliam  to 
ischium,  then  both  the  former  to  pubes  ;  the  ilium  forming  rather  less  than  fths, 
the  ischium  rather  more  than  -|ths,  and  the  pubes  the  remaining  ith  of  the 
acetabulum.  -  This  Y-shaped  piece  is  someiimes  ossified  from  several  centres. 
Crest  &  Antero-Inferior  Spune  of  Ilium 


Tuberosity  op  Ischium 


These  epiphyses  join  with  remain- 


au...KU=wz       .........  .  ^         ^^^g  ^^^^  ^^^^^  2g,^ 

Symphysis  Pubis  )  ^ 

Both  in  the  foetus  and  the  young  child,  the  pelvis  is  much  more  oblique, 
and  of  much  smaller  capacity  than  it  is  in  the  adult:  The  bladder  in 
both  sexes,  and  the  uterus  in  the  female,  lie  partly  above  the  brim. 
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OSSIFICATION  of  LONG  BONES  with  TWO  EPIPHYSIS- 

1st  Tablet 


BONES  OP  UPPER  LIMB. 


HUMERUS  -  Seven  centres,  sometimes  eight,  -  foi? 

Shaft  -  8th  week. 
Head  -  1st  or  2nd  year. 

Greater  Tuberosity  -  3rd  year. 

The  Lesser  Tuberosity  is  ossified  either  by  extension  of  osseous  tissue 
from  greater  tuberosity,  or  from  a  separate  centre  which  appears  in  5th 
year.  In  this  same  year  the  centres  for  the  head  ^  tuberosities  are  united  into 
one  epiphysis,  which  is  joined  to  the  shaft  about  21st  year. 

Capitellum,  &  Outer  Portion  of  Trochlea  -  2nd  or  3rd  year. 

Inner  Condyle  -  5th  year. 

Inner  Portion  of  Trochlea  -  nth  or  12th  year. 

Outer  Condyle  -  13th  or  14th  year. 

The  outer  condyle  6*  the  two  portions  of  inferior  articular  surface  unite  to 
form  one  epiphysis,  which  is  joined  to  the  shaft  about  16th  or  17th  year. 

The  inner  condyle  forms  a  separate  epiphysis,  which  is  joined  to  the 
shaft  about  18th  year, 

EADIUS  -  Three  centres,  for 

Shaft  -  8th  week,  a  little  after  humerus. 
Lower  Epiphysis  -  2nd  or  3rd  year. 
Upper  Epiphysis  -  5th  year. 

These  epiphyses  are  joined  to  the  shaft  as  follows ;  - 
¥pper  Epiphysis  -  17th  or  18th  year. 
Lower  Epiphysis  -  20th  year. 

ULNA  -  Three  centres,  for 

Shaft  -  8th  week,  a  little  after  radius. 

Lower  Epiphysis  -  For  head  &  styloid  process,  4th  or  5th  year. 

Upper  Epiphysis  -  I'or  extremity  of  olecranon,  10th  year.    Coronoid  process,  and  all 
but  extremity  of  olecranon,  is  formed  by  extension  of  osseous  tissue  of  shaft. 

These  ei)iphyses  are  joined  to  the  shaft  as  follows  j« 
Upper  Epiphysis  -  16th  year. 
Lower  Epiphysis  -  20th  year. 
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OSSIFICATION  of  LONG  BONES  with  TWO  EPIPHYSIS- 

2ncl  Tablet. 


BONES  OP  LOWER  LIMB. 


FEMUH  -  Five  Centres,  for 

Shaft  -  5th  week,  -  before  any  other  long  bone  except  clavicle.  -  The  neck  is  formed  by 

extension  of  osseous  tissue  of  shaft. 
Lower  Epiphysis  -  For  condyles  &  tuberosities,  9th  month. 
Head  -  1st  year  after  birth. 

Great  Trochanter- 4th  year. 
Lesser  Trochanter  -  i3th  or  I4th  year. 

These  epiphyses  &  apophyses  are  joined  to  the  shaft  as  follows  :- 
Lesser  Teochanter  -  17th  year. 
Greater  Trochanter  -  18th  year. 
Head  -  19th  year. 
Lower  Epiphysis  -  20th  year. 

TIBIA  -  Three  centres,  for  ^  . 

Shaft  -  6th  week. 

Upper  Epiphysis  -  For  tubercles  &  both  tuberosities,  9th  month. 
Lower  Epiphysis,  including  internal  Malleolus  ~  2nd  year. 

These  epiphyses  are  joined  to  the  shaft  as  follows  :- 
Lower  Epiphysis  -  20th  year. 
Upper  Epiphysis  -  25th  year. 

There  are  occasionally  separate  centres  for  TuhenU  &  Internal  Malleolus 

FIBULA  -  Three  centres,  for 
Shaft  -  7th  week. 

Lower  Epiphysis  -  2nd  year. 
Upper  Epiphysis  -  4th  year. 

These  epiphyses  are  joined  to  the  shaft  in  the  ord^rof  their  appearance 
LowKR  Epiphysis  -  20th  year. 
Upper  Epiphysis  -  25th  year. 
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OSSIFICATION  of  the  LONG  BONES  with  ONE  EPI- 
PHYSIS ONLY. 


CLAVICLE  -  Two  centres,  for  , 

Shaft  -  5th  week,  before  any  other  bone.  The  ossification  commences  before  depo- 
sitiou  of  cartilage,  but  afterwards  progresses  in  cartilage  as  well  as  in 
fibrous  tissue. 

Sternal  End  -  18th  or  20th  yeai\   Joins  with  shaft  about  25th  year. 


METACARPAL  &  METATARSAL  BONES  &  PHALANGES -Two  centres,  for 

Shaft  -  8th  or  9th  week ;  a  little  later  in  phalanges  of  toes. 

Distal  ExTREMiTr  of  Four  Inner  Metacarpals  ^ 

&  Four  Outer  Metatarsals  ^    3rd  to  8th  year,  or  a  little  later 
Pkoximal  Extremity  of  Phalanges,  &  of  1st /in  phalanges  of  toes. 
Metacarpal  &  1st  Metatarsal  3 

All  these  epiphyses  unite  with  the  shaft  from  18th  to  21st  year. 

The  first  metacarpal  &  the  first  metatarsal  have  sometimes  an  additional 

epiphysis  at  their  distal  extremity  (Allen  Thomson). 
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OSSIFICATION  of  the  SHORT  BONES. 


Arc  all  cartilag'inous  at  bix^th,  and  are  ospified  as  follows  from  one  centre,  except  Patellcti 
whicli  has  sometimes  two  centres  placed  side  by  side,  and  Os  CalciSi  which  has  an 
additional  centre  for  its  posterior  &  outer  surfaces. 


Os  Calcis  -  6th  month.    The  additional  centre  appears  about  10th.  year,  and  joins 

with  remainder  of  the  bone  about  15th  or  16th.  year. 
Astragalus  -  7th  month. 
Cuboid  -9th.  month. 
External  Cuneifokm  -  1st  year. 

Patella  -  3rd  year.    Has  sometimes  two  centres  placed  side  by  side. 
Internal  Cuneiform  -  3rd  year. 
Middle  Cuneiform  -  4th  year. 
Scaphoid  -  4th  or  5th  year. 


BONES  of  UPPER  LIMB. 


Os  MAGNUM  -  1st  year. 
Unciform  -  1st  or  2nd  year. 
Cuneiform  -  3rd  year. 


I  -  5tli  year. 
!th  or  7th  year. 


Trapezoid  -  7th  or  8th  year. 
Pisiform  -  12th  year. 


BONES  of  LOWER  LIMB. 
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TABLEAU  of  the  OSSIFICATION  of  the  LONG  BONES. 


3HAFT  —  On0  centre,  from  a  little  before  middle  to  a  little  after  end  of  2nd  month }  - 
Claticle  &  Femub,  first  -  5th  week. 

Metacarpal,  Metatarsal  Bones,  &  Phalanges,  last  -  8th  or  9th  week. 

At  birth,  all  the  shafts  are  ossified  in  the  greater  part  of  tteir  extent. 

EPIPHYSES  —  One  centre  for  each,  except :  - 

Femur  -  Two  additional  centres  for  trochanters. 

Humerus  -  Four  additional  centres  iov  greater  tuberosity, condyles^  ^  inner  portion  oj  trochlea. 
The  metacarpal  &  metatarsal  bones  (except  the  first)  have 
their  epiphysis  at  their  distal  or  phalangeal  extremity;  the  first 
metacarpal  &  first  metatarsal  bones  and  the  phalanges  have  their 
epiphysis  at  their  proximal  extremity;  the  clavicle  has  its  epiphysis 
at  its  sternal  extremity. 

Dates  of  Appearance  of  the  Epiphyses. 

At   Birth    -  Lower  ep.  of  femur  j 

Upper  ep.  of  tibia. 
1st    Year    -  Upper  ep.  (head)  of  femur* 

Upper  ep.  (head)  of  humerus  (1st  or  2nd  year). 
2nd   Year     -  Lower  eps.  of  tibia,  fibula,  &  radius  (Eadius,  2nd  or  3rd  year)  , 

Capitellum  &  outer  portion  of  trochlea  of  humerus  (2nd  or  3rd 
Srd  Year  -  Greater  tuberosity  of  humerus  j  [year). 
4th    Year    -  Upper  ep.  of  fibula ; 

Greater  trochanter  of  femur ; 

Lower  ep.  of  ulna  (4th  or  5th  year). 
5th    Year    -  Upper  ep.  of  radius ; 

Lesser  tuberosity  &  inner  condyle  of  humerus. 
IOth    Year    -  Upper  ep.  of  ulna  (tip  of  olecranon). 
11thor12th  Y.  -  Inner  portion  of  trochlea  of  humerus. 
13th  or  14th  Y.  -  Lesser  trochanter  of  femur  j 

Outer  condyle  of  humerus. 
18th  or  20th  Y.  -  Sternal  end  of  clavicle. 

3kd  to  8th  Y.  -  Eps.  of  the  metacarpal  &  metatarsal  bones,  &  phalanges. 
Dates  of  their  Union  with  the  Shaft. 

16th    Year    -  Upper  ep.  of  ulna, 

16th  or  17th  Y.  -  Outer  condyle,  &  the  two  porticns  of  inferior  articular  surface  of 

[humerus  (16th  or  17th  year). 

17th    Year    -  Lesser  trochanter  of  femur. 
1  7th OB  18th Y.  -  Upper  ep.  of  radius; 
18th     Year    -  Inner  condyle  of  humerus. 

Greater  trochanter  of  femur. 
18th  TO  21stY.  -  Eps.  of  metacarpal,  &  metatarsal  bones,  &  phalanges. 
19th    Year    -  Head  of  femur. 

20th    Year    -  Lower  eps.  of  femur,  radius,  ulna,  tibia,  &  fibula. 
21st     Year    -  Upper  ep.  of  humerus. 

25th    Year    -  Upper  eps.  of  tibia  &  fibula,  &  sternal  end  of  clavicle. 

In  the  upper  limb,  the  epiphyses  which  enter  into  the  formation 
of  the  elbow-joint,  and  towards  which  the  respective  nutrient  foramina 
are  directed,  ossify  later  than  the  opposite  epiphyses,  but  they  unite 
earlier  with  the  shaft.  In  the  lower  limb,  the  epiphyses  which  enter 
into  the  formation  of  the  knee-joint,  and  Jro7n  which  the  respective 
nutrient  foramina  are  directed,  ossify  (except  in  the  case  of  the  upper 
epiphysis  of  the  fibula)  earlier  than  the  opposite  epiphyses,  but  they 
nnite  later  with  the  shaft.  — 
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THE  DEVELOPMENT  of  the  LIMBS. 


Takes  place  wlien  botli  the  axial  part  &  the  membranes  have  already  made  considerable 
advance,  z'.<f.,  in  the  first  half  of  the  fourth  day  of  incubation  in  the  chick,  and  about  the 
commencement  of  the  fourth  week  in  the  human  embryo. 

These  appendages  appear  as  buds  from  the  side  of  the  trunk,  externally  to  the  point  of 
division  of  the  mesoblast  into  splanchnopleure  &  somatopleure  ;  *  and  they  are  soon  seen 
to  be  formed  by  the  somatopleure  &  by  the  epiblast.  -  The  upper  or  anterior  limb-bud 
appears  a  little  before  the  lower  or  posterior  onej  and  for  a  time  it  is  a  little  more 
advanced  in  development. 

Both  limb-buds  first  develop  into  semicircular  lappets  with  sm'faces  outer  &  inner  (or 
dorsal  &  ventral),  and  bordeis  anterior  &  posterior,  the  correspondence  of  which 
surfaces  &  borders  with  those  of  the  future  limbs  is  a  point  of  considerable  interest. 
Homologically  the  outer  &  inner  (or  dorsal  &  ventral)  surfaces  of  the  lappets  correspond  to 
each  other  in  all  vertebrates :  -  The  outer  or  dorsal  surface  becomes  the  extensor  surface, 
and  the  inner  or  ventral  surface  becomes  the  flexor  surface  in  both  upper  and  lower 
limbs ;  and  so  also  do  the  anterior  &  posterior  borders  correspond  :  -  the  anterior  bordei* 
becomes  what  is  called  in  comparative  anatomy  the  pj-eaxial  border,  and  the  posterior 
border  what  is  called  the /i'^/^2:.rzi7/ bordei%  Topographically,  however,  these  surfaces  & 
borders  do  not  correspond  in  man  &  the  primates,  as  will  presently  be  shown. 

The  lappets  develop  mainly  into  the  hands  &  feet :  -  Indentations  demarcate  the  fingers  & 
toes  J  the  pollex  and  the  hallux — in  man  &  the  primates,  the  thumb  &  the  big  toe — 
always  being  in  front,  or  preaxial  in  position. 

As  the  limbs  elongate,  the  notch  (elbow  or  knee)  which  separates  the  fore-arm  &  leg  fi'om 
the  upper  arm  &  thigh,  appears  on  the  ventral  surface  &  preaxial  border.  Enlarged 
integumental  folds  develop  at  the  same  time  at  the  root  of  each  limb. 

Tissue-changes  complete  the  evolution,  except  as  regards  attitude,  which  latter  differs  in 
man  &  the  primates  from  what  it  is  in  the  lower  vertebrates :  -  In  the  latter,  both 
limbs  rotate  inwards :  in  both,  the  extensor  surface  lies  in  front,  and  the  flexor  surface 
behind  j  the  pollex  &  hallux,  the  radius  &  tibia,  to  the  inner  side  j  and  the  ulna  & 
fibula,  to  the  outer  side.  In  man  &  the  primates,  on  the  contrary,  while  the  lower  limb 
rotates  inwards,  as  above,  the  upper  limb  rotates  outwards :  -  The  flexor  surface  of  the 
arm  and  fore-arm  gets  to  the  front,  and  the  extensor  surface  to  the  back ;  the  thumb 
(pollex)  &  radius  pass  to  the  outer  side  j  the  ulna  &  little  finger  to  the  inner  side. 
Such  is  the  case,  at  least,  in  the  conventional  or  siipinated  position.  The  upper  limb 
of  man  &  of  the  primates  reverts,  however,  to  the  embryonic  type  in  semi-pronatiou, 
and  to  the  lower  vertebrate  type  in  complete  pronation. 

*At  the  point  of  division  of  the  mesoblast  there  is  at  first  a  slightly  elevated  longitu- 
dinal ridge,  sometimes  called  the  Wolffian  ridge  ;  this  ridge  soon  disappears,  however. 
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DEVELOPMENT  of  the  MUSCLES. 


"  The  muscles  of  the  trunk  derive  their  origin  from  the  muscular  plates  previously 
«  referred  to  as  being  separated  by  difEerentiation  of  the  formative  cells  in  the  outer  or 
"  superficial  part  of  the  proto vertebral  masses.  Some  difEerence  of  opinion  exists,  however, 
«  among  embrjologists,  as  to  how  far  the  hypaxial  (hyposkeletal  of  Huxley)  as  well  as  the 
"epaxial  muscles,  proceed  from  this  source  alone,  or  whether  only  the  latter  are  traceable 
"  to  the  muscular  plate  formed  by  the  protovertebral  difEerentiation,  and  the  hypaxial  may 
*'  be  supposed  to  pi-oceed  from  a  deeper  source." 

"  Recent  observations  seem  to  show  that  a  downward  extension  of  the  mesoblast 
"  from  the  protovertebrse  may  also  give  rise  to  the  hypaxial  muscles." 

"Being  developed fi'om the  segmented  protovertebral  elements, the  muscular  plate 
"  shows  at  first  the  same  division  into  segments,  which  are  separated  for  a  time  by  inter- 
muscular  septa  (myotomes),  as  occurs  during  life  in  a  considerable  number  of  them  in 
"  fishes  and  amphibia." 

"  The  formation  of  the  longer  muscles  of  the  trunk  proceeds  from  the  disappear- 
"  ance  of  the  septa,  and  the  longitudiual  union  of  the  fasciculi  of  successive  myotomes. 
"In  the  trunk  the  direction  of  these  remains  for  the  most  part  chiefly  longitudinal,  but 
"  those  connected  with  the  limb-girdles  change  their  direction  with  the  development  of 
"  the  Hmb." 

"The  formation  of  the  muscles  of  the  limbs  themselves  has  not  been  traced  in 
"  detail.  The  greater  number  of  these  muscles  appear  rather  to  arise  independently  in 
"  the  blastodermic  tissue  of  the  limb-bud,  than  to  be  prolonged  from  the  sheets  of  trunk- 
"  muscles  (Kolliker)." 

"The  facial  muscles,  and  the  platysma,  belong  to  the  subcutaneous  system,  and  are 
"developed  along  with  the  skin." 

"  The  diaphragm  is  at  first  wanting.  It  arises  soon  after  the  formation  of  the  lungs, 
"  from  two  parts  which  spring  from  above  and  the  sides,  and  which  divide  the  pleural 
"and  peritoneal  cavities,  which  were  previously  in  one,  from  each  other." 

"  The  muscles  begin  to  be  formed  in  the  human  embryo  in  the  sixth  and  seventh 
"week." 


DEVELOPMENT  of  the  JOINTS. 

"  With  regard  to  the  formation  of  the  joints,  very  little  iskaown.  Ic  would  appear 
"that  the  cavities  of  the  synovial  joints  are  not  yet  formed  at  the  time  when  chondrifi- 
" cation  has  taken  place  in  the  matrix  of  the  bones.  It  is  therefore  by  a  secondary 
"process  of  solution  of  continuity  that  these  cavities  are  produced.  The  articular  oartil- 
"ages  remain  as  the  coverings  of  the  opposed  surfaces  of  the  bones,  and  the  various 
"ligamentous  and  other  parts  belonging  to  the  joints  arise  by  processes  of  textural 
"differentiation  which  it  is  unnecessary  to  particularise  here.-' 

Dr.  Allen  Thomson's  Descriptions.  -  Quain's  Anatomy,  8//^  Ed-ip.p.l^^  ^  743. 
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DEVELOPMENT  OF  THE  TEETH. 


I 


I 
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DEVELOPMENT  of  the  TEETH -1st  Tablet. 


THE  FIVE  STAGES. 


The  teeth  are  developed  from  the  epithelial  &  dermal  coverings  of  the  free  edge  of 

'        the  alveolar  arches. 

The  process  is  divided  into 


THREE  PRIMARY  STAGES -The 

Papillary,  Follicular,  &  Saccular  (1st  Saccular)  -  Completing  the  evo. 

Intion  of  the  temporary i  deciduouSf  or  milk-teeth, 

A  SECONDARY  STAGE -The 

Second  Saccular  -  Completing  the  evolution  of  the  ten  anterior  permanent  teeth 

of  each  jaw,  or  teeth  oj succession, 

A  TERTIARY  STAGE -The 

Third  Saccular  -  Completing  the  evolution  of  the  six  posterior  permanent  teeth 

of  each  jaw,  or  superadded  teeth. 
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DEVELOPMENT  of  the  TEETH -2nd  Tablet 


THE  TEMPORARY,  DECIDUOUS,  OR  MILK-TEETH. 


THEIR  EVOLUTION. 

Papillary  Stage  -  From  6tk  to  nth  week  of  foetal  life. 

About  tlie  6tli  week  of  foetal  life,  a  groove,  the  primitive  dental  groove  (Arnold, 
Goodsir),  is  formed  along  the  free  border  of  each  alveolar  arch. 

In  the  situation  of  this  groove,  the  layer  of  epithelium  becomes  greatly  thickened, 
so  as  partly  to  fill  up  the  groove  with  a  horse-shoe-shaped  process  of  cells,  the 

common  enamel  germ. 

In  the  situation  of  the  ten  futm*e  deciduous  or  milk-teeth,  the  common  enamel  germ 
sends  processes  downwards  into  the  embryonic  tissues,  each  process  depress- 
ing the  dermal  layer. 

These  processes,  the  special  enamel  germs  of  the  ten  deciduous  or  milk-teeth^  incline 
outwards  and  become  expanded  and  club-shaped  inferiorly,  remaining  con- 
nected  with  the  common  enamel  germ  by  a  narrow  and  somewhat  tortuous 
pedicle. 

From  the  bottom  of  the  recess  in  which  each  special  enamel  germ  is  contained, 
an  eminence  or  papilla  of  the  derma  now  rises  up ;  and,  depressing  the  under 
surface  of  the  enamel  germ,  becomes  capped  thereby. 

Follicular  Stage  -  From  lOth  to  I4thweek. 

Membranous  septa  separate  the  above  mentioned  recesses,  which  now  becomd 

the  denial  follicles. 

Saccular  Stage  (1st  Saccular  Stage)  -  From  14th  to  16th  week. 

Is  marked  by  the  closure  of  the  dental  follicles. 

This  closure  is  effected  in  the  following  manner :  - 

From  the  upper  or  constricted  part  of  each  follicle,  small  membranous 
processes,  or  i7^^r£-2^/a,  are  developed,  two  in  number  for  the  incisors,  three  for  the 
canines^  four  or  five  for  the  molars.  These  unite  and  close  the  follicle, which 
now  becomes  a  dental  sac. 
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DEVELOPMENT  of  the  TEETH -3rd  Tablet. 


THE  TEMPORARY,  DECIDUOUS,  OR  MILK-TEETH- 


THEIR  GROWTH. 

The  papilla  or  pulp  becomes  moulded  to  the  form  of  the  fnture  tooth. 

Its  superficial  parts  become  hardened  into  dentine. 

The  surface  of  the  crown  is  coated  with  enamel  by  the  enamel  organ  j  that  of  the 

fang  or  fangs  becomes  coated  with  cement. 

The  Pulp  -  The  crown  of  the  tooth  is  shaped  first.  A  constriction  round  its  base 
demarcates  the  cervix.    The  parts  below  elongate  to  form  the  fang  or  fangs. 

The  Dentine  -  its  Deposition  is  as  follows  :  -  A  thin  cap  is  formed  over  the  most 
prominent  point  of  each  incisor  or  canine,  &  over  each  cusp  of  the  molars. 
These  caps  coalesce  when  there  are  more  than  one.  The  shell  then  extends 
orer  the  tooth  by  growth  round  its  edges,  and  becomes  thickened  at  the 
expense  of  the  pulp  by  additions  from  within ;  -  the  thickening  continuing 
till  nothing  but  a  small  pulp-cavity  and  a  greatly  reduced  pulp  remain,  the  latter 
supplied  by  slender  vessels  &  nerves  which  enter  by  a  minute  opening  at  the 
apex  of  the  fang. 

The  Minute  History  of  its  Formation  is  as  follows  :  -  The  intercellular 
substance  of  the  pulp  is  transformed  into  the  intertubular  substance  of  the 
dentine  by  the  deposits  of  nodules  or  globules  of  calcarious  matter  which  run 
together  into  a  uniform  hard  substance.*  The  dentinal  tubules  are  left  as 
vacuities  round  the  radiating  &  ramifying  processes  of  the  more  superficial 
odontoblasts. 

*  Imperfect  coalescence  of  some  of  the  calcarious  globules  between  the  successive 
strata  of  calcification  gives  rise  to  the  incremental  lines,  interglobular  sfaces,  &  granular 
layer  of  Purkinje  (Vide  Structure  of  the  Teeth— 3rd  Tablet).  -  The  inner  surface  of  the 
growing  dentine  is  nodulated. 

The  Enamel  -  The  enamel  organ  (Purkinje)  is  developed  as  follows  from  the  special 
enamel  germ  of  each  tooth  :  - 

The  cells  which  line  the  dental  sac  remain  flattened  or  cubical;  those 
which  surround  the  pulp  (the  crown — the  only  part  as  yet  difiEerentiated) 
become  columnar  &  prismatic ;  the  intermediate  cells  increase  in  number  and 
become  joined  together  by  anastomosing  caudate  prolongations  and  by  a 
gelatinous  substance  which  accumulates  in  their  interstices. 

Capillary  loops  dip  into  the  enamel  organ  from  the  neighbouring  parts  ; 
and,  on  the  other  hand,  epithelial  processes  are  prolonged  from  the  enamel 
organ  into  the  surrounding  tissues. 

The  enamel  prisms  are  developed,  either  by  deposition  or  by  direct 
calcification,  from  the  stratum  of  columnar  cells,  which  cells  are  sometimes 
described  as  forming  the  enamel  membrane. 

The  remainder  of  the  enamel  organ  dwindles  away,  -  the  more  saper- 
ficial  cells  remaining  perhaps  as  Nasmyth's  membrane  or  the  cuticula  dentis 
(Yide  Structures  of  the  Teeth-~4th  Tablet.) 

The  Cement  -  is  developed  later  from  a  layer  of  blastema  exsuded  from  the  perio- 
dental  membrane. 
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DEVELOPMENT  of  the  TEETH -4th  Tablet. 


THE  TEMPORARY,  DECIDUOUd,  OR  MILK-TEETH. 
THEIR  ERUPTION. 

Is  due  to  tlie  ossification  of  the  sockets  or  alveoli,  to  the  increasing  height  of  both 
crown  and  fang,  and  to  the  absorption  of  the  tissues  above,  -  the  layer  of  bone 
being  absorbed  by  the  agency  of  the  osteoclasts. 

The  edge  of  the  gum  becomes  first  dense  and  sharp,  then  rounded,  tumid, 
of  a  purplish  hue,  and  studded  with  a  number  of  small  white  bodies  at  one  time 
taken  for  enlarged  glands,  but  now  believed  to  be  the  epithelial  process  of  the 
enamel  organ  above  described  (Sharpey). 

A  white  point  or  line  marks  the  approaching  perforation  of  the  gum. 
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DEVELOPMENT  of  the  TEETH  -  5th  Tablet. 


THE  PERMANENT  TEETH. 

THEIR  EVOLUTION. 

Second  Saccular  Stage. 

About  the  14tli  week  there  appeared  successively  from  before  backwards 
ten  luuated  depressions  of  the  posterior  wall  of  the  upper  and  then  still  patent  part 
of  each  dental  groove,  which  upper  part  is  sometimes  called  the  secondary  dental 
groove  (Goodsir). 

The  margins  of  this  secondary  dental  groove  now  unite,  and  the  lunated 
depressions  become  the  cavities  of  reserve ^  or  rudimentary  follicles  of  the  ten  anterior 
permanent  teeth,  which  follicles  are  filled,  like  the  dental  groove,  with  processes 
of  epithelium. 

These  follicles  elongate  and  recede  into  the  substance  of  the  gum  behind 
the  sacs  of  the  ten  deciduous  or  milk-teeth,  -  above  and  behind  those  of  the 
upper  jaw,  below  and  behind  those  of  the  lower  jaw. 

h. papilla  arises  from  the  bottom  of  each  follicle;  and  opercula  separate  the 
lower  expanding  portion  containing  the  papilla  from  the  upper  contracted  and 
soon  solidified  portion,  or  pedicle. 

The  dental  sac  thus  formed  becomes  surrounded  by  an  osseous  chamber, 
which  chamber  is  drawn  out  superiorly  into  a  canal  opening  upon  the  edge  of 
the  jaw  behind  the  corresponding  milk-tooth. 

Third  Saccular  Stage. 

The  six  posterior  or  superadded  permanent  teeth  of  each  jaw  are  developed 
from  the  posterior  cavities  of  reserve^  which  latter  result  from  successive  exten- 
sions backwards  into  the  jaw  of  the  posterior  portion  of  the  dental  groove  and 
enamel  germ,  /.(?.,  of  that  portion  which  lies  behind  the  sac  of  the  last  temporary 
molar.  Trom  this  portion,  and  by  a  process  like  that  above  described,  is 
developed  the  sac  of  the  first  permanent  molar.  Opercula  separate  the  lower 
part  of  this  sac,  and  the  papilla  which  it  is  soon  seen  to  contain,  from  the  upper 
part  of  the  same;  from  which  upper  part  is  subsequently  developed,  in  a  similar 
manner,  the  sac  of  the  second  permanent  molar.  This  latter  sac  undergoes 
transformations  precisely  similar,  and  from  its  upper  part  is  finally  developed  the 
sac  of  the  last  permanent  molar  or  wisdom-tooth. 

THEIR  GROWTH  -  Similar  to  that  of  the  temporary  teeth. 

THEIR  ERUPTION  -  The  crown  presses  first  against  the  bony  partition  which  separates 
it  from  the  milk-tooth  and  then  against  the  fangs  of  the  latter,  and  causes  their 
absorption  through  the  agency  of  the  osteoclasts.  This  loosens  the  milk-tooth 
which  falls  out  or  is  removed,  and  the  permanent  tooth  rises  up  to  take  its  place. 


DEVELOPMENT  of  the  TEETH  -  6th  Tablet. 

DENTAL  CHRONOLOGY. 

PERIODS  OF  EVOLUTION, 

Papillary  Stage  -  7th  to  llth  -week.  -  The  papillae  appear  at  about  the  following 
dates,  those  of  the  upper  jaw  slightly  anticipating  those  of  the 
FiBST  Molars  -  7th  week.  [lower  one :  - 

Canines  -  8th  week. 

Central  Incisors  -  Beginning  of  9th  week. 
Lateral  Incisors  -  Middle  of  9fch  week. 
Second  Molars  -  10th  week. 
Follicular  Stage  -  ^Oth  to  I4th  week.  -  The  follicles  are  completed  at  about  the 
First  Molars  -  10th  week.  following  dates  j  - 

Canines  -  llth  week. 
Central  Incisors  -  12th  week. 
Lateral  Incisors  -  13th  week. 
Second  Molars  -  14th  week. 

First  Saccular  Stage  -  i4th  to  I6th  week. 

Second  Saccular  Stage  -  The  lunated  depressions  appear  successively  from  before 
-  )  backwards  about  the  14th  week. 

Third  Saccular  Stage  -  The  sacs  &  papillae  of  the  three  last  permanent  teeth  appear 
First  Permanent  Molars  -  16th  week.  [at  about  the  following  dates  :- 

Second  Permanent  Molars  -  7th  month  after  birth. 
Third  Permanent  Molars  -  6th  year  after  birth. 

The  completely  developed  dental  sac  (as  seen  in  an  infant  a 
few  months  old  before  the  eruption  of  the  teeth)  consists  of 
(1)  a.n  ou^er/ibrO'Vascu/ar  coaf  closely  connected  with  the  periodontal 
membrane;  (2)  a  /ay^r  of  jelly-like  cellular  tissue  interposed  between 
this  coat  &  (3)  the  inner  coat,  which  latter  is  highly  vascular,  & 
lined  internally  with  the  layer  of  columnar  cells  of  the  enamel 
organ*  The  alveolus  being  imperfectly  closed  superiorly,  the  sac 
is  continuous  above  with  the  tissues  of  the  gum, 

*In  sections,  a  space  is  usually  observed  between  these  cells  and  the  surface 
of  the  enamel ;  this  space  is  believed  to  be  produced  after  death  by  the 

shrinking  of  the  soft  parts. 

PERIODS  OF  CALCIFICATION. 
Temporary  Teeth. 

Crowns  op  all  the  Milk-teeth  -  About  4th  month  of  foetal  life. 
Fangs  op  the  Same  -  About  the  time  of  birth. 

Permanent  Teeth. 

First  Permanent  Molars  ->  5th  or  6th  month  of  foetal  life. 
Central  Permanent  Incisors  -  6th  or  7th  month  „ 
Latteral  Permanent  Incisors  i  _8th  or  9th  month  „ 
Canines      .      .      .      .     j  " 
Bicuspids  -  2nd  year. 

Second  Permanent  Molars  -  5th  or  6th  year. 

Third  Permanent  Molars,  or  Wisdom-Teeth  -  12th  year. 

The  permanent  teeth  of  the  lower  jaw  are  calcified  a  little  before 
those  of  the  upper  jaw.    The  enamel  is  formed  shortly  after  the 
dentine,  the  formation  commencing  close  to  the  dentinal  surface. 
PERIODS  OF  ERUPTION.  is  first  soft  andjriable. 

Temporary  Teeth-Appear  at  about  the  following  dates,  those  of  the  lower  j  aw  slightly 

Central  lNCisoRS-7th  m.  after  birth,     [anticipating  those  of  the  ^pper  one- : 

Lateral  Incisors  -  9th  month  after  birth. 

First  Molars  -  12th  month  after  birth. 

Canines  -  18th  month  after  birth. 

Second  Molars  -  24th  month  after  birth. 
Permanent  Teeth- Appear  at  about  the  following  dates,  those  of  the  lower  jaw  slight- 

First  Molars  -  6th  year.  anticipating  those  of  the  upper  one :  - 

Central  Incisors  -  7th  year. 

Lateral  Incisors  -  8th  year. 

Anterior  Bicuspids  -  9th  year. 

Posterior  Bicuspids  -  10th  year. 

Canines  -  llth  to  12th  year. 

Second  Molars  -  12th  to  13th  year. 

Third  Molars  -  17th  to  25th  year. 

For  a  year  or  so  before  the  shedding  of  the  temporary  incisors, 
i.e.,  between  about  the  5th  or  6th  &  7th  years,  there  are  ^forty- 
eight  calcified  teeth  present  in  the  jaws,  namely,  all  the  temporary 
teeth,  and  all  the  permanent  ones  except  the  wisdom-teeth. 


APPENDIX. 


ADDENDA. 


(Three  Tablets  removed  from  the  Body  of  the  Work.) 
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REFLEX  ACTION -3rd  Tablet. 


GUIDING  SENSATIONS. 

The  influence  of  the  will  being  directed  towards  the  result  of  muscular  action,  and 
not  towards  the  singling  out  of  the  different  movements  in  their  necessary  combina- 
tion and  sequence,  one  or  more  "guiding  sensations "  become  necessary  for  the  accurate 
execution,  by  the  automatic  apparatus,  of  any  mandate  of  the  will.  The  ataxic  patient 
who  cannot  feel  the  pressure  of  his  foot  on  the  ground,  nor  judge  of  the  effort  he  is 
making,  is,  though  he  has  really  suffered  no  loss  of  muscular  power,  as  completely  unable 
to  stand  or  walk  as  one  whose  limbs  are  actually  paralysed,  unless^  by  looking  at  his  feety  he 
J  sii:pply  the  deficiency  of  his  muscular  sense  by  the  visual  sense.  -  The  same  with  all  sensori-motor 
dr'  emotional  reflex  actions. 

The  muscular  sense  supplies,  therefore,  a  guiding  sensation  necesary  for  the  maintenance  of  the 
standing  attitude  and  for  the  performance  of  the  ambulatory  movements.  -  The  perform- 
ance of  the  artist,  the  handiwork  of  the  artisan,  the  operative  interference  of  the  surgeon, 
etc,  are  all  extensively  guided  by  this  sense,  for  *'in  every  effort  the  amount  of  force  put 
forth  is  governed  by  the  mental  conception  of  that  which  will  be  required,  as  indicated  by 
previous  experiments."  (Carpenter) 

The  additional  assistance  of  the  visual  sense  is,  however,  invaluable,  indispensable  indeed  to  all 
those  who  have  not  been  accustomed  to  do  without  it :  -  No  one,  when  suddenly  blind- 
folded,  can  even  walk  straight  before  him,  though  a  blind  man  can  do  so  with  ease.  The 
vertiginous  movements  which  are  caused  in  pigeons  by  the  blinding  of  an  eye  (Longet) 
are  doubtless  due  to  the  sudden  suppression  of  the  visual  sense. — To  some  impairment  of 
the  auditory  sense  must  likewise  be  attributed  the  singular  jerking  movements  of  the  head 
induced  by  division  of  the  semicircular  canals  (Flourens)  :  -  Division  of  the  lateral  canals 
induces  lateral  jerking  movements,  division  of  one  of  the  vertical  canals  induces  vertical 
jerking  movements,  and  also,  in  rabbits,  forward  somersets,  if  the  anterior  canal  be 
divided,  backward  somersets,  if  the  posterior  canal  be  divided  (Cyon).  -  It  is  the  audi- 
tory sense  that  regulates  the  nice  adjustment  of  the  muscles  of  the  mouth  &  larynx 
required  in  vocalisation ;  those  who  are  born  deaf  are  also  necessarily  dumb. 

Sometimes  the  senses  may,  so  to  speak,  contradict  each  other,  and  disturb  us  rather  than  guide 
us :  -  Though  we  know  we  are  safe,  we  feel  insecure  at  the  top  of  a  tower  if  we  look  down 
at  the  precipice  below ;  few,  except  the  somnambulist,  who  is  unconscious  of  danger,  can 
walk  along  a  plank  laid  over  an  abyss,  unless  the  eye  be  withdrawn  from  below  and 
resolutely  fixed  on  some  distant  object. 

The  guiding  sensations  which  regulate  the  performance  of  habitual  serial  actions  may,  when  the 
mind  is  otherwised  engaged,  supply  the  requisite  stimulus  for  each  successive  act  of  the 
series;  and,  in  general,  all  movements  which  have  been  habitually  performed  in  a  particu- 
lar sequence,  may  be  kept  up  automatically,  when  the  will  has  once  set  then  en  train :  - 
An  absent  pedestrian  finds,  at  the  end  of  his  reverie,  that  his  limbs  have  carried  him  to 
some  habitual  place  of  resort,  where,  for  once,  he  had  not  intended  to  go.  -  The  same  with 
regard  to  the  operations  of  the  mind.  "  If  any  two  mental  states  be  called  up  together, 
or  in  succession,  with  due  frequency  and  vividness,  the  subsequent  production  of  one  of 
"them  will  suflace  to  call  up  the  other,  and  that  whether  we  desire  it  or  not."  (Huxley) 
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KijSS'S  CLASSIFICATION  of  REFLEX  ACTIONS. 


Was  publisliecl  at  so  very  nearly  the  same  date  as  my  own  and  so  mucli  resembles  it,  thai 
I  have  thought  it  desirable,  for  the  sake  of  comparison,  to  transcribe  it  in  extenso.  I  may  add 
that  my  first  Tablet  on  the  subject  was  lithographed,  and  was  widely  circulated  among  Student* 
in  this  country  {First  or  Lithographed  Edition  of  the  Tablets  on  Physiology,  Renshaw,  1873)  nearly 
two  years  before  Professor  Kiiss's  Classification,  or  any  account  thereof,  appeared  in  the  english 
language,  or  became  known  to  me.  It  is  a  singular  coincidence  that  writers  of  two  different 
countries  should  develop  essentially  the  same  idea  at  so  nearly  the  same  time,  and  in  terms  so 
nearly  equivalent.  -  It  will  be  observed  that  Professor  Kiiss's  "  Second  Class  "  corresponds  to 
my  "  Third  Class"  and  vice  versa, 

T.  C, 

Jiine  1876. 

Classification  of  Reflex  Actions.  -  "  These  are  divided  according  to  the  direotion 
"followed  by  the  centripetal  and  centrifugal  actions:  these  actions  present  tivo 
"directions;  either  the  nerves  of  the  cerebro- spinal  system,  or  the  branches  of  the 
"  great  sympathetic." 

"  The  most  numerous  of  the  reflex  actions  follow  the  centripetal  and  centrifugal 
"  direction  of  the  spinal  nerve  filaments ;  of  this  class,  the  larger  portion  we  have 
"  already  cited  under  deglutition,  sneezing,  cough,  walking,  etc.,  and  in  pathology  a 
"  large  number  of  morbid  reflex  actions,  as  vomiting,  tetanus,  epilepsy,  etc." 

"  A  second  class,  almost  as  numerous,  comprises  those  reflex  actions  where  the  cen- 
*'  tripetal  direction  is  a  sensory  nerve  of  the  cerebro-spinal  system,  and  the  centrifugal 
"  direction  a  motor-nerve  of  the  great  sympathetic,  most  often  a  vaso-motor  nerve ;  of 
"  this  class  are  the  reflex  actions  which  give  rise  to  most  of  the  secretions  (saliva, 
"gastric  juice,  etc.),  to  the  phenomena  of  blushing,  or  pallor  of  the  skin,  to  erection, 
"  to  certain  movements  of  the  iris,  to  certain  modifications  in  the  pulsations  of  the 
"  heart,  and  in  pathology  to  a  large  number  of  phenomena  called  metastatic,  on  account 
"  of  the  great  difl&culty  of  accounting  for  the  mechanism  of  their  production,  as  for 
"  instance  a  large  number  of  ophthalmias,  of  orchitis,  of  coryza,  which  depend  on  a 
"  reflex  hypersemia ;  and,  on  the  other  hand,  dependent  on  a  reflex  anaemia,  as,  for 
"  instance,  certain  cases  of  amaurosis,  paralyses,  paraplegias,  etc." 

"  A  third  class  comprises  those  reflex  actions  whose  centripetal  action  is  seated  in 
"the  nerves  of  the  sympathetic  (obtuse  sensibility,  called  organic  in  the  viscera),  and 
"  whose  centrifugal  course  is  that  of  the  cerebro-spinal  motor  nerves  (vital  relations) ; 
"most  of  these  phenomena  belong  to  pathology  ;  of  this  class  are  convulsions,  which 
"may  be  caused  by  visceral  irritations  produced  by  intestinal  worms,  reflex  eclampsia, 
"  hysteria  etc. ;  as  a  normal  phenomenon  of  this  kind,  the  respiratory  reflex  action 
"may  be  cited,  for  the  impression  that  the  pulmonary  surface  sends  to  the  bulb  is 
"  transmitted  by  the  pneumogastric ;  which,  under  favorable  circumstances,  is  brought 
"  into  relation  with  the  nerves  of  the  great  sympathetic,  or,  at  least,  forms  a  physio- 
"  logical  passage  between  the  branches  of  the  great  sympathetic  and  those  of  the 
"  cerebro-spinal  system." 

"  Finally,  a  fourth  and  last  class  can  be  formed  of  reflex  actions  whose  ways  of  cen- 
"  tripetal  as  well  as  centrifugal  conduction  ai-e  found  in  the  filaments  of  the  great  sym- 
"  pathetic ;  we  shall  have  to  examine  at  another  time  whether  the  central  action  for  this 
"  class  is  located  in  the  masses  of  gray  matter  of  the  cerebro-spinal  system,  or  in  those 
"of  the  ganglions  of  the  sympathetic  chain;  of  this  class  are  the  obscure  reflex 
"  actions  and  those  which  preside  over  the  secretions  of  the  various  intestinal  fluids 
"  that  are  still  difiicult  of  correct  analysis ;  also  those  which  can  partially  explain  to 
"  as  the  sympathies  that  unite  the  various  phenomena  of  the  genital  functions,  espe- 
"cially  in  the  female;  also  the  dilatation  of  the  pupils  from  the  presence  of  intestinal 
"  worms  in  the  digestive  tract  j  and  numerous  reflex  pathological  actions  analogoius 
"to  those  already  spoken  of,"  -  (Translated  by  Hoberx  Amo&y,  M,D.,  1875.) 


39 


FURTHER  REMARKS  on  WEBER'S  VIEWS  on  the  GENITAL  DUCTS, 


(A  NOTE  to  page  163). 

In  this  view,  we  have,  opening  into  the  female  atrium,  both  the  urethra  &  the  vagina, 
and,  through  the  vagina  &  its  continuation,  the  uterus,  both  Miiller's  ducts  (Fallopian 
tubes)  and  the  Wolfiian  ducts  (G-aertner's  canals)  ;  and  so  also  we  have,  in  the  male, 
both  the  urethra  (the  urethra  proper)  and  the  vesicula  prostatica,  and  through  the 
vesicula  prostatica,  both  Miiller's  ducts  &  the  Wolffian  ducts,  opening  into  what  corre- 
sponds to  the  female  atrium.  And  it  may  be  remarked  that  this  remains  true  whether 
we  accept  the  older  or  the  more  modern  view  of  the  origin  &  homologies  of  the  male 
excretory  ducts,  whether,  in  other  terms,  we  consider  these  ducts  as  difiEerentiated 
Miillerian  ducts,  or  as  difiEerentiated  Wolffian  ducts. 

This  view  weakens  slightly,  but  only  very  slightly ^  and  inerely  as  far  as  it  is  based  upon 
homologies,  the  view  that,  while  the  Fallopian  tubes  are  difiEerentiated  Miillerian  dacts, 
the  vasa  deferentia  are  difiEerentiated  Wolffian  dn-^ts.  It  weakens  it  in  this  way,  namely, 
through  abandoning  the  assertion  that  the  cornua  c  f  the  uterus  are  the  continuation  of 
the  Miillerian  ducts,  and  thus  leaving  open  to  physiologists  the  double  alternative  of  con-, 
sidering  the  ducts  (if  any)  which  open  into  the  cornua  the  vesicula  prostatica,  either 
as  Miillerian  ducts  or  as  Wolffian  ducts,  and  of  considering  the  ducts  which  open  into 
the  sides  of  the  vagina  (Gaertner's  canals)  and  the  ducts  which  open  into  the  sides  of 
the  vesicula  (vasa  deferentia)  either. as  Wolffian  ducts  or  as  Miillerian  ducts.  But,  even 
if  arguing  only  from  the  relative  position  of  the  openings  of  these  two  latter  ducts  into 
the  male  &  female  passages  respectively  (V.  Genital  cord),  we  are  bound  to  consider 
Gaertner's  canals  as  Wolffian  ducts  and  the  Fallopian  tubes  as  Miillerian  ducts,  and 
therefore  to  consider  the  ducts  (if  any)  which  open  into  the  cornua  of  the  vesicula  as 
Miillerian  ducts,  and  the  vasa  deferentia,  which  open  into  the  sides  of  the  vesicula,  as 
Wolffian  ducts  j  that  is  to  say  to  adopt  the  more  modern  view. 


